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ABSTRACT 
The Relationship between the Neighborhood Food Environment, Health Behaviors and 
Health Outcomes among Urban Hispanics in New York City 
Manuel C. Co Jr. 
Background:  Hispanics account for more than half of the total United States (US) population 
growth between 2000 and 2010.  To gain a comprehensive understanding of a predominantly Hispanic 
urban community in Northern Manhattan, the aims of this cross-sectional observational study were: (1) to 
characterize the actual and perceived neighborhood food environment in Northern Manhattan, (2) to 
understand the relationship between the actual and perceived neighborhood food environment, 
sociodemographic characteristics and the likelihood of consuming five or more servings of fruits and 
vegetables per day, and (3) to describe the contribution of participants’ sociodemographic characteristics 
and health behavior to their health outcomes.   
Methods:  This cross-sectional observational study was undertaken as part of the larger 
Washington Heights/Inwood Informatics Infrastructure for Comparative Effectiveness Research (WICER) 
project.  English or Spanish-speaking Hispanic participants (n=4,019) 18 years and older living in 
Northern Manhattan’s five ZIP codes were recruited and interviewed by English-Spanish bilingual 
community health workers.  Food outlets selling fruits and vegetables were identified using the North 
American Industry Classification System (NAICS) definitions obtained from the ReferenceUSA’s national 
business database.  The neighborhood food environment was characterized by integrating the geocoded 
addresses of WICER study participants with external geographic-level data on food outlets present in the 
participants’ respective 0.25-mile and 0.5-mile residential radii.  Data were analyzed using bivariate and 
multivariate binary logistic regressions. 
Results:  The food outlet types that sell fruit and vegetable in Northern Manhattan include small 
and medium/large size Supermarket/Grocery store, Meat Market, and Fruit and Vegetable Market.  The 
majority of these food outlets (91.5%) are single location stores that have a smaller store space.  The 
presence of Fruit and Vegetable Markets (2+ Stores in 0.25-mile: OR=1.59, p = 0.003; 1 Store in 0.5-mile: 
OR=2.28, p = 0.008; 2+ Stores in 0.5-mile: OR=3.10, p = 0.00) significantly increase the odds of 
participant’s perception that a large selection of fresh fruits and vegetables is available in their 
neighborhood.  The presence of Fruit and Vegetable Markets (2+ Stores in 0.25-mile: OR=1.51, p = 0.003; 
1 Store in 0.5-mile: OR=2.25, p = 0.004; 2+ Stores in 0.5-mile: OR=3.31, p = 0.00) as well as the 
presence of medium/large size Supermarket/Grocery in 0.25-mile (OR=1.05, p = 0.013) significantly 
increase the odds of participant’s perception that the fresh fruits and vegetables in their neighborhood are 
of high quality whereas the presence of Meat Market in the participant’s 0.25-mile (OR=0.74, p = 0.002) 
significantly lower the odds.  The presence of Fruit and Vegetable Markets (1 Store in 0.25-mile: OR=1.23, 
p = 0.047; 2+ Stores in 0.25-mile: OR=1.37, p = 0.020; 2+ Stores in 0.5-mile: OR=1.94, p = 0.018) as well 
as the presence of medium/large size Supermarket/Grocery (0.25-mile: OR=1.05, p = 0.020; 0.5-mile: 
OR=1.05, p = 0.018) significantly increase the odds of participant’s perception that a large selection of 
low-fat products is available in their neighborhood whereas the presence of Meat Market in the 
participant’s 0.25-mile (OR=0.83, p = 0.042) significantly lowers the odds.   
Variables that significantly increase the participants’ odds of consuming five or more servings of 
fruits and vegetables per day include having more than a high school education (0.25-mile and 0.5-mile 
models: OR=1.62, p = 0.004) and being foreign-born (0.25-mile model: Foreign-born in Dominican 
Republic: OR=1.77, p = 0.032; Foreign-born outside of the United States or the Dominican Republic: 
OR=2.44, p = 0.007; 0.5-mile model: Foreign-born in the Dominican Republic: OR=1.73, p = 0.040; 
Foreign-born outside of the United States or the Dominican Republic: OR=2.48, p = 0.006).  In contrast, 
the participants’ perception that a large selection of fresh fruits and vegetables is available in their 
neighborhood (0.25-mile model: OR=0.63, p = 0.011; 0.5-mile model: OR=0.64, p = 0.016) and the 
presence of Fruit and Vegetable Market in their 0.5-mile radius (1 Store: OR=0.32, p = 0.006; 2+ Stores: 
OR=0.38, p = 0.009) significantly lower the odds.   
Variables that significantly increase the odds of body mass index (BMI) in the overweight range 
were age (OR=1.02, p = 0.00), being foreign-born outside of the United States or the Dominican Republic 
(OR=1.76, p = 0.006), self-reported diabetes (OR=1.37, p = 0.026), and perceived weight as overweight 
(OR=4.46, p = 0.00) whereas being female (OR=0.67, p = 0.00) significantly lowers the odds.  Variables 
that significantly increase the odds of BMI in the obese range were age (OR=1.02, p = 0.00), self-reported 
diabetes (OR=1.78, p = 0.00), and perceived weight as overweight (OR=19.39, p = 0.00) whereas having 
more than a high school education (OR=0.72, p = 0.021) significantly lowers the odds.   
Variables that significantly increase the odds of hypertension were age (OR = 1.04, p = 0.00) and 
self-reported diabetes (OR = 1.57, p = 0.00) whereas being female (OR = 0.72, p = 0.00) significantly 
lowers the odds.  Education (>High School) significantly increases the odds (OR=1.43, p = 0.00) of self-
report of good health.  In contrast, variables that significantly lower the odds were age (OR=0.98, p = 
0.00), being female (OR=0.60, p = 0.00), higher fruit and vegetable consumption (OR=0.66, p = 0.007), 
self-reported diabetes (OR=0.51, p = 0.00), and obesity (OR=0.64, p = 0.00).   
Variable that significantly increase the odds of self-report of good health include having more than 
a high school education (OR = 1.43, p = 0.00) whereas age (OR = 0.98, p = 0.00), female gender (OR = 
0.60, p = 0.00), higher fruit and vegetable consumption (OR = 0.66, p = 0.007), self-reported diabetes 
(OR = 0.51, p = 0.00), and obesity (OR = 0.64, p = 0.00) significantly lower the odds.   
Conclusion:  This study contributed to our understanding of the relationships among 
neighborhood food environment, health behaviors, and health outcomes in a predominantly Hispanic 
underserved urban community in New York City.  While most findings were similar to those reported in 
the literature, our findings related to the relationship between participants’ perceived neighborhood food 
environment and actual healthy food access and fruit and vegetable consumption were in contrast to 
other studies in that increased perceived availability and actual availability lowered the odds of consuming 
five or more servings of fruits and vegetables per day.  This surprising finding merits additional qualitative 
and quantitative research to examine the complex relationships among perceived access, availability, and 
consumption of healthy foods as well as improved measures of fruit and vegetable consumption.   
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CHAPTER I: INTRODUCTION 
Overview 
Studying “place” has an important role in public health research.  The design of the city, its 
commercial and residential land use, and related man-made infrastructures such as roads, buildings, and 
sidewalks constitute what is collectively referred to as the built environment (Booth, Pinkston, & Poston, 
2005).  Studying the environmental characteristics of cities and their neighborhoods designed and 
created to support human activities can enhance our understanding of the positive and negative ways the 
food environment can affect the health of its residents. 
A built environment that fosters poor eating habits and discourages physical activity can lead to 
an increase in body weight when one’s energy intake exceeds one’s energy expenditure (Hill & Peters, 
1998; Kim, Subramanian, Gortmaker, & Kawachi, 2006).  Similarly, the lack of access to healthy foods 
can contribute to the development of obesity and other diet-related diseases such as hypertension, high 
cholesterol, type II diabetes, and cardiovascular disease (Auchincloss et al., 2009; Black & Macinko, 
2008; Bodor, Rice, Farley, Swalm, & Rose, 2010; Brug, 2008; Diez-Roux et al., 1997; Hill & Peters, 1998; 
Mokdad et al., 2003; Nordstrom, Diez Roux, Jackson, & Gardin, 2004; Roux et al., 2001; U.S. 
Department of Agriculture and U.S Department of Health and Human Services, 2010).  Recent studies 
that examined locational food access found that the use of car as a mode of transportation to access 
healthy foods did not increase one’s fruit and vegetable consumption (Fuller, Cummins, & Matthews, 
2013) and that the nearest distance to full-service supermarket had no significant relationship to one’s 
food access and food purchasing (Dubowitz et al., 2015). 
Obesity and the Food Environment 
Overweight and obesity affect lower-income communities of color with higher rates of obesity 
noted in areas having higher than average access to fast food restaurants and having limited access to 
healthy foods at reasonable cost such as those offered in supermarkets or other similar retail food outlets 
(Kumanyika, 2008; Taylor, Poston, Jones, & Kraft, 2006).  Having limited access to healthy food outlets 
can narrow the choices residents of low-income neighborhoods can make when buying foods in their 
community.  The 2008 Farm Bill defined “food desert” as areas in the United States whereby low-income 




served primarily by fast food restaurants and convenience stores offering less healthy food options (U.S. 
Department of Agriculture, 2013).   
Actual Food Environment and Food Access in Low-Income Communities of Color 
 Higher-income and predominantly Caucasian neighborhoods have more grocery stores and fewer 
convenience stores and fast food restaurants when compared to lower-income neighborhoods and 
communities of color (Kimberly Morland, Wing, Diez Roux, & Poole, 2002; Shannon N Zenk et al., 2005).  
Disparities in the quality and variety of foods available for purchase in retail food stores were also noted in 
urban neighborhoods with different racial/ethnic composition (Horowitz, Colson, Hebert, & Lancaster, 
2004).  However, the concept of deprivation amplification, first described in the 1990s for the observed 
pattern of deprived community resources that amplifies household poverty, is being revisited given the 
lack of consistent pattern with which available resources such as food stores are located to the 
disadvantage of households in poorer communities (Macintyre, 2007).  In particular, the commonly 
observed pattern of deprived community resources that amplifies household poverty may not always 
apply to low-income neighborhoods given the social meaning and local perceptions of accessibility and 
relevance (Macintyre, 2007).   
Studies have found that access to supermarkets vary in neighborhoods with poor neighborhoods 
in South Texas and in New Zealand having better access to a variety of food stores when compared to 
their more affluent neighborhoods (Pearce, Day, & Witten, 2008; Sharkey & Horel, 2008).  These findings 
were echoed in another study that found low-income Hispanic neighborhoods in the United States, drawn 
from Census bureau measures and food store outlet measures, have greater number of non-chain 
supermarkets and grocery stores when compared to non-Hispanic neighborhoods (L. M. Powell, Slater, 
Mirtcheva, Bao, & Chaloupka, 2007).  Chain supermarkets are of particular interest in that study because 
higher quality food products are offered in this type of food store at lower prices.  The chain 
supermarkets’ minimal presence in Hispanic neighborhoods may limit not only the variety of higher quality 
food products available to residents, but at prices that low-income neighborhoods could better afford.  It is 
worth noting that the association between non-chain supermarkets and Hispanic neighborhoods was not 




Perceived Food Environment and Food Choices 
 The perceived food environment can influence one’s eating habits.  Differences in the perceived 
food environment were noted in a qualitative study conducted with low- and moderate-income, midlife 
women participants in North Carolina who described having more control over food choices in their home 
environment and having little control over food choices in the community and work food environments 
(Jilcott, 2009).   
Sociodemographic Characteristics, Health Behaviors and Health Outcomes 
Lower socioeconomic status (SES), as measured by fewer years of education, lower income, 
lower employment status or unemployment has been documented to contribute to poorer health 
(Feinstein, 1993).  The relationship between self-reported health and an individual’s demographic 
characteristics and socioeconomic factors characteristics has been examined.  The self-reported poor 
health status by those residing in socially disadvantaged residential areas in Sweden was found to be 
associated with low educational level, obesity, physical inactivity, and increasing social deprivation 
(Malmström, Sundquist, & Johansson, 1999).  In a longitudinal Multi-Ethnic Study of Atherosclerosis 
conducted in Baltimore, MD; Forsyth County, NC; and New York City, NY, the prevalence of hypertension 
for adult participants was noted to decrease with increasing income and education, better neighborhood 
walkability and greater safety, availability of healthy foods, and greater social cohesion (Mujahid et al., 
2008).   
Nativity, Health Behaviors and Health Outcomes 
 Research has examined obesity-related behaviors among US-born and foreign-born Hispanic 
adolescent immigrants by generation and ethnicity.  First generation adolescents were reported to have 
lower income and maternal education and live in higher crime urban areas with higher linguistic isolation, 
higher ethnic dispersion, and higher minority population (Gordon-Larsen, Harris, Ward, & Popkin, 2003).  
The study also noted non-statistically significant higher overweight prevalence among US-born Hispanics, 
with the exception of Mexicans who shared similar weight prevalence across generations.  In addition, 
first generation Mexicans reported greater intake of rice, beans, fruits, and vegetables as compared to 
foreign-born Puerto Ricans’ significantly greater intake of fruits and Cubans’ greater intake of vegetables.   




acculturated Hispanics were noted to eat fewer daily servings of fruit and vegetable and had slightly 
higher scores on fat-related dietary habits when compared to low-acculturated Hispanics (Neuhouser, 
Thompson, Coronado, & Solomon, 2004).  Similarly, Hispanic immigrants who have lived ≥ 15 years in 
the US were noted to have four-fold greater risk of obesity (BMI score > 30 kg/m2 based on self-reported 
weight and height) when compared to recent immigrants who have been in the US < 5 years (Kaplan, 
Huguet, Newsom, & McFarland, 2004). 
 The relationship between the neighborhood food environment, body mass index (BMI), and blood 
pressure (BP) has been studied using data from the Women’s Health Initiative Clinical Trial.  Greater 
availability of grocery stores and supermarkets within a short distance from participant’s residence were 
noted to be associated with lower rates of obesity, lower BMI, and lower diastolic BP (Dubowitz et al., 
2012).  Differences in self-reported hypertension by race/ethnicity and by nativity were also examined 
using the National Health Interview Survey data for the period 1997-2005.  The study found that the 
probability of reporting hypertension was higher among Puerto Ricans, Dominicans, and Blacks than non-
Hispanic Whites, though the self-reported hypertension varies by nativity status/length of stay in the US 
with greater probability of reporting hypertension noted to be higher among foreign-born Cubans having 
lived <10 years in the US, and among foreign-born Puerto Ricans and foreign-born Dominicans having 
both lived ≥10 years in the US (Borrell, Menendez, & Joseph, 2011).  Another study examined the 
Community Health Survey’s data, which is representative of the New York City’s adult population, to 
estimate the self-reported hypertension prevalence stratified by both acculturation-related factors (nativity, 
language spoken at home, and length of time in the US) and race/ethnicity (Yi, Elfassy, Gupta, Myers, & 
Kerker, 2014).  The study noted a higher prevalence of self-reported hypertension in foreign-born Whites 
than US-born Whites and in US-born Blacks than foreign-born Blacks as well as in those speaking 
Russian or Spanish at home compared to speaking English at home.  
Study Context 
 The 2010 Census Report presented data on the changing ethnic diversity in the United States 
(US), with the Hispanic population accounting for over half of the growth of the total US population 
between 2000 and 2010 (U.S. Census Bureau, 2010).  The terms "Hispanic" or “Latino” encompassed 




some common cultural values (U.S. Census Bureau) and the terms will be used interchangeably in this 
study consistent with the Pew Research Center’s Hispanic Trends Project (Brown & Lopez, 2013).  In the 
state of New York, about two thirds or 68 percent of Hispanics live in the five boroughs that make up New 
York City (U.S. Census Bureau, 2010).  Differences in the Hispanic distribution were noted with 
Dominicans being the predominant subgroup in Northern Manhattan compared to Mexicans being the 
predominant subgroup in the United States (U.S. Census Bureau; Yi et al., 2014).   
 Northern Manhattan is a particularly relevant study setting given that half of the community 
residents are foreign-born and three quarters are of Hispanic origin (Olson, Van Wye, Kerker, Thorpe, & 
Frieden, 2006).  A third of its residents live below the poverty level and residents aged 25 and older have 
completed fewer years of education when compared to their counterparts in Manhattan and with the rest 
of New York City.  In addition, one in three adults is uninsured and a third of its residents (32 percent) 
consider themselves to be in fair or poor health compared to 18 percent in Manhattan and 21 percent in 
New York City overall (Olson et al., 2006).  Studying this population will support public health intervention, 
urban planning, and community development with the goal of enhancing the overall health of low-income 
Hispanic urban community.   
Study Aims 
 This study will enhance our understanding of aspects of the built food environment, both 
community and consumer, on patterns of healthy food consumption.  The study examined relationships 
between actual healthy food availability, self-reported healthy food availability, and self-reported fruit and 
vegetable consumption and the outcomes of BMI, hypertension and self-reported health status of a low-
income urban Hispanic community located in Northern Manhattan. 
 AIM 1.  The first aim is to characterize the actual and perceived neighborhood food environment 
in Northern Manhattan. 
 Research Question 1.1:  What is the actual neighborhood food environment (food outlet types) 
and does it vary in the participants’ 0.25-mile and 0.5-mile residential radius buffers? 
 Research Question 1.2:  What is the relationship between perceived neighborhood food 
environment and actual neighborhood food environment in the participants’ respective 0.25-mile 




 AIM 2.  The second aim is to understand the relationship between the actual and perceived 
neighborhood food environment, sociodemographic characteristics and the likelihood of consuming five or 
more servings of fruits and vegetables per day. 
 Research Question 2.1:  Which factors are associated with increasing the participants’ likelihood 
of consuming five or more servings of fruits and vegetables per day? 
 AIM 3.  The third aim is to describe the contribution of participants’ sociodemographic 
characteristics and health behaviors to their health outcomes. 
 Research Question 3.1:  Which factors are associated with higher BMI? 
 Research Question 3.2:  Which factors are associated with hypertension? 
 Research Question 3.3:  Which factors are associated with self-report of good health? 
Operational Definition of Neighborhood Food Environment and Healthy Eating 
 The overarching nationwide health improvement priorities of Healthy People 2020 included 
measures to assess progress in nutrition, physical activity, and obesity to support one of their overarching 
goals of creating social and physical environments that can promote good health for all (U.S. Department 
of Health and Human Services).  Where one lives can have an influence on one’s health.  The 
environment of interest in this study is the neighborhood food environment and is operationalized as any 
healthy food outlets where one can obtain food.  It includes a variety of food stores such as 
supermarkets, grocery stores, farmers’ markets, and produce stores located in and around one’s place of 
residence.   
 As a cornerstone of Federal nutrition policy and nutrition education activities, the Dietary 
Guidelines for Americans is jointly published every five years by the U.S. Department of Health and 
Human Services and U.S. Department of Agriculture.  The Dietary Guidelines for Americans provides 
evidence-based nutrition guidance to promote good health, maintain a healthy weight, and reduce 
preventable chronic diseases through improved nutrition and physical activity for Americans ages two 
years and older (U.S. Department of Agriculture, 2011).  The 2010 Dietary Guidelines for Americans 
recommendations include balancing calories with physical activity to manage weight as well as 
consuming more healthy foods such as fruits, vegetables, whole grains, fat-free and low-fat dairy 




a member of the 5-a-day public-private partnership, the U.S. Department of Agriculture's Food Guide 
Pyramid recommends 2-4 servings of fruits and 3-5 servings of vegetables per day (Guthrie, 2004), for a 
combined 5-a-day total servings of fruits and vegetables. 
 To provide context to the neighborhood food environment, food outlets will be identified based on 
the availability of healthy foods or presence of healthy food outlets in the community (Jack et al., 2013; 
Larson, Story, & Nelson, 2009; Rundle et al., 2009; Stark et al., 2013; Walker, Keane, & Burke, 2010).  
Consistent with these studies that examined food environment measures, this study will identify food 
outlet types that sell fruit and vegetable such as supermarkets and grocery stores (excluding convenience 
stores), produce stores, and fruit and vegetable stores.  Conceptualization, operationalization, and 
measurement of the study variables are described in Table 1.  
 
Table 1: Conceptualization, Operationalization, and Measurement of Study Variables  







Objective neighborhood food 
environment created by identifying, 
aggregating, describing and 
quantifying healthy food outlet 
types that sell fruit and vegetable 
in the participants’ 0.25-mile and 
0.5-mile residential radius buffers. 
Food outlet types that sell fruit 
and vegetable in the five 






quality of healthy 
foods in my 
neighborhood  
Person-level self-report of the 
availability and selection of fresh 
fruit and vegetable in my 
neighborhood:   
Agree (Strongly Agree, Agree) 
Disagree (Disagree, Strongly 
Disagree) 
A large selection of fresh fruit 
and vegetable is available in 
my neighborhood 
Person-level self-report of the high 
quality of fresh fruit and vegetable 
in my neighborhood  
Agree (Strongly Agree, Agree) 
Disagree (Disagree, Strongly 
Disagree) 
The fresh fruits and 
vegetables in my 
neighborhood are of high 
quality. 
Perceived food environment: 
Person-level self-report of the 
availability and selection of low-fat 
products in my neighborhood:   
Agree (Strongly Agree, Agree) 
Disagree (Disagree, Strongly 
Disagree) 
A large selection of low-fat 









and ZIP Code 
Individual 0.25-mile and 0.5-mile 
person-level neighborhood radius 
buffers created around the 
participants’ geocoded residential 
addresses given that residents can 
travel outside of their home to buy 
fruit and vegetable. 
0.25-mile and 0.5-mile radius 
buffers from participants’ 
home addresses where they 




Age Age in years  Computer calculated age 
Gender Male, Female What is your gender? 
Self-reported 
Diabetes 
Self-reported Diabetes: Yes, No Have you ever been told by a 
doctor, nurse, or other health 
professional that you had 
diabetes, high blood sugar, or 
sugar in the urine only when 
you were not pregnant? 
Hispanic, Latino 
or Spanish origin 
Hispanic: Yes, No  Are you of Hispanic, Latino or 
Spanish origin? 
Nativity US-born (Born in the United 
States) 
Foreign-born: DR (Born in the 
Dominican Republic) 
Foreign-born: Other (Born outside 
of the United States or Dominican 
Republic) 
Where were you born? 
 
Survey Language  Survey language preference: 
Spanish, English  




Social Relations Partnered (Married, Partnered)  
Not Partnered (Single, Never 
Married, Divorced, Separated, 
Widowed)  
Which best describes your 
marital status? 
Education Less than high school (Never went 
to school, Eight grade or less, 
Some high school, not a high 
school graduate) 
High school graduate (High school 
graduate or GED) 
More than High School (Some 
college or technical, trade or 
vocational school, Associates or 
Bachelors or Masters or Doctoral 
degrees)  
What is the highest level of 
education you completed? 
 
Health Insurance  Insured (Medicare, Medicaid, 
Veteran’s Affairs, Private) 
Uninsured (No insurance) 
Health Insurance Type 
(Medicare/Medicaid, Veteran’s 
Affairs, Private) 
What type of health insurance 




Concept Variables Definition Measures 
Employment 
Status 
Based on survey responses, any 
full-time or part-time employment 
was categorized as employed and 
all other responses was 
categorized as unemployed.  
Employed (any type of 
employment) 
Unemployed (all other responses) 







Responses were standardized to 
the “per day” unit of reference and 
recoded as categorical variables 
based on the participant’s 
consuming the federal minimum 
recommendation of two servings of 
fruits per day and three servings of 
vegetables per day  
 Fruit Consumption per day: <2 
or ≥2 servings per day 
 Vegetable Consumption per 
day: <3 or ≥3 servings per day 
The daily fruit consumption and the 
daily vegetable consumption 
variables were then combined and 
recoded as categorical variable 
based on the participant’s 
consuming the federal minimum 
recommendation of five servings of 
fruits and vegetables per day 
 Fruit and Vegetable 
Consumption per day: <5 or 
≥5 servings per day 
During the past 30 days, not 
counting juice, how many 
times per day, week, or month 
did you eat fruit? 
During the past 30 days, 
about how many times per 
day, week, or month did you 
eat dark vegetables? 
Not counting what you just 
told me, during the past 30 
days, about how many times 
per day, week or month did 
you eat other vegetables? 
Health 
Outcomes 
BMI Objectively measured weight Calculated BMI 
Perceived weight (body size): 
Overweight, Not Overweight 
Do you consider yourself to 
be overweight, underweight, 
or just about right? 
BP Hypertension: No or Yes (≥140/90 
mmHg) 
Database average of 2nd and 
3rd BP readings 
Self-reported 
health 
Self-reported health:  
≥ Good (Excellent, Very Good, 
Good),  
< Good (Fair, Poor) 
Would you say that in general 
your health is 
____________?   
    
Theoretical Framework 
 This study is guided by the County Health Rankings model (Figure 1), which is based on the 




between policies and programs, health factors, and health outcomes.  The Rankings model is presented 
in Figure 1 and health factors included in this study are highlighted in yellow.  
 
Figure 1: County Health Rankings Model 
 The health factors and health outcomes are two sets of messages used by the County Health 
Rankings model to convey the health of a community.  The health outcomes, a picture of today’s health, 
address how healthy a community currently is, whereas the health factors, a picture of tomorrow’s health, 
address how healthy a community might be based on the health factors that can influence health 




  The County Health Rankings model includes components that work together to create healthy 
communities and the model is designed to help communities understand what makes them sick or makes 
them healthy.  The summary health factors rankings are based on weighted scores of four types of health 
factors with expert’s input and their review of the literature confirming the critical role of the physical 
environment, social and economic factors, clinical care, and health behaviors in making people healthy or 
sick (Uwphi, 2012).  Permission to use the County Health Rankings model was obtained from the 
University of Wisconsin Population Health Institute. 
Significance  
 This study adds to our body of knowledge on aspects of the actual and perceived neighborhood 
food environment that can have an influence on patterns of healthy eating in a predominantly Hispanic 
underserved urban population.  The neighborhood food environment was characterized through a 
comprehensive community-based survey approach using standardized measures to assess residents’ 
perception of the availability of healthy foods and then comparing it with the objective measures of 
healthy food outlets in the neighborhood food environment.  Although it is possible that the resident’s 
subjective reports of their perceived healthy food availability may differ from the actual food environment, 
there is value to using the residents’ self-reported healthy food availability measures and self-reported 
fruit and vegetable consumption as it can help identify variation in the availability and quality of healthy 
foods in their neighborhood food stores that may affect their healthy eating and health outcomes.   
Enhancing our knowledge of place supports the overall health of the community, which is consistent with 
National Institute of Nursing Research’s strategic plan to promote and improve the health of individuals, 





CHAPTER II: REVIEW OF THE LITERATURE 
 This chapter presents a summary and synthesis of the literature on the built food environment 
and health.  The literature review was conducted by searching the PubMed, BioMed Central, Scopus, 
ScienceDirect and Read by QxMD electronic research databases for relevant studies on the built 
environment, food environment, neighborhood and health.  Of the 53 articles reviewed, 12 were excluded 
because they did not report on the relationship between the food environment, health behaviors and/or 
health outcomes.  The review of the literature is organized using the County Health Rankings model 
described in Chapter I.  The Rankings model includes components that work together to create healthy 
communities and the model describes health outcomes as being influenced by a set of health 
factors.  This review will focus on the influence of health factors such as the neighborhood food 
environment, social and economic factors, and health behavior on one’s health outcomes.   
Study Designs and Model Components 
 Forty-one studies that met the inclusion criteria were included in the review.  Cross-sectional 
study design accounted for 84% of the literature reviewed and Table 2 highlights the study characteristics, 
including their health factors and health outcomes components.  Aspects of the neighborhood food 
environment were assessed.  Specifically, 80% of the studies examined the presence of certain types of 
food outlets such as grocery stores, supermarkets, convenience stores, delicatessens, fruit and vegetable 
markets, and fast food restaurants, and 16% of the studies examined access, distance and/or walkability 
to the neighborhood food outlets.  In addition, education was assessed in 61% of the studies reviewed, 
followed by income (50%), employment (32%), social relations (30%), and neighborhood SES (9%).  
Health behaviors related to dietary intake such as fast food intake, and fruits, and vegetable consumption 
were examined in 45% of the studies reviewed as well as food choices, food shopping and eating 
behaviors (10%) and physical activity and neighborhood walking (27%).  Health outcomes examined 
included BMI (45%), BP (2%), and self-reported health (16%).   
Influence of the Neighborhood Food Environment on Food Access and Health  
 Distance to food stores and the number of food stores in one’s ZIP codes has been studied.  
Lower number of supermarkets and higher numbers of convenience stores within census tracts in the 




where Black Americans reside as compared to neighborhoods where White Americans reside (Kimberly 
Morland et al., 2002).  The researchers also noted that Black Americans living in the communities being 
studied have less access to private transportation than White American study participants, which may 
have limited their ability to more easily access food beyond their immediate neighborhood.  Of note is that 
the same study found that the presence of at least one supermarket in one’s census tract as compared to 
no supermarket in the census tract was positively associated with higher proportion of Black Americans 
meeting the fruit and vegetable dietary guidelines.   
Another study used data from the New York City Community Healthy Survey and conducted 
multiple food environment measures such as density, relative concentration and diversity of the food 
outlets in each ZIP code (Stark et al., 2013).  The study found that BMI was positively associated with the 
proportion of BMI-unhealthy food outlets as well as strongly associated in lower poverty ZIP codes.  
Findings from another study conducted in Philadelphia reported that the distance to primary food store did 
not predict one’s fruit and vegetable consumption and that respondents taking public transportation as 
primary transportation mode to access their primary food stores had lower BMI compared to those using 
multimodal mode of car and public transportation (Fuller, Cummins, & Matthews, 2013).  The food store’s 
shelf space allocated to energy-dense snacks, particularly within one kilometer of respondents’ 
households, was noted to be positively associated with BMI after controlling for individual socioeconomic 
characteristics (Rose, Bodor, Hutchinson, & Swalm, 2010).  In a longitudinal study of the Framingham 
Heart Study Offspring Cohort with repeated measures of BMI over a 30-year period, inconsistent 
association was noted between an individual’s BMI and their access to fast food restaurants as measured 
by the driving distance between the subject’s residence and nearby food establishments (Block, 
Christakis, O’Malley, & Subramanian, 2011).   
 Studies have described in-store observations to assess food available for purchase.  The 
availability and variety of fresh, frozen, and canned produce in food stores can differ depending on the 
racial composition of the urban neighborhoods.  Findings from a study that randomly sampled and 
surveyed half of the food stores (20 delicatessens, 10 fruit and vegetable markets, 125 small grocery 
stores, and 11 supermarkets) in two racially and economically diverse neighborhoods in Brooklyn, NY, 




located in the predominantly Black area of the neighborhoods surveyed (K. Morland & Filomena, 2007).  
The same study also reported that frozen and canned produce were available in most of the food stores 
surveyed, though the availability of freshly prepared produce in racially mixed areas of the neighborhood 
was low and that fewer varieties were available.  In addition, the study found that organic produce was 
available only in the predominantly White area food stores.  
Access to and availability of food can be further complicated by the cost of food itself.  A study 
conducted in rural South Carolina surveyed the availability and cost of a limited number of staple foods 
selected from the five main food groups and observed that food prices differ by store types with foods 
costing more in convenience stores than those sold in grocery stores and supermarkets (Liese, Weis, 
Pluto, Smith, & Lawson, 2007).  The quality, variety, and cost of food items that are readily available in 
urban retail food stores can also differ based on the neighborhood characteristics.   
A study that surveyed food stores in the racial/ethnic minority East Harlem and in the largely 
White and affluent Upper East Side neighborhoods of New York City reported that East Harlem has more 
than twice the number of food stores with significantly more small stores or bodegas when compared to 
the Upper East Side (Horowitz et al., 2004).  Despite having more food stores, the same study also noted 
disparities in food availability in that less than a fifth of East Harlem’s food stores surveyed carry all of the 
five clinician-recommended diabetes-healthy food items compared to 58% of stores surveyed in the 
Upper East Side, thus making it more difficult for African American and Latino residents with diabetes and 
living in East Harlem to maintain a healthy diet.  Although the food items surveyed in the study cost less 
in East Harlem than in the Upper East Side, it is worth noting that the East Harlem’s median household 
income is only a quarter of their more affluent Upper East Side neighbors’ income and this can be a 
financial barrier when shopping for food.  A challenge noted in several of the geographic information 
system (GIS) based studies that measure food access is the inconsistencies with how retail food stores 
are categorized to account for the variety and quality of food items available for purchase.  Studies have 
grouped supermarkets and groceries together or did not differentiate between chain supermarkets from 
independent grocery stores (Laraia, Siega-Riz, Kaufman, & Jones, 2004; K. Morland, Wing, & Diez-Roux, 




Influence of Social and Economic Factors on Healthy Eating and Health 
 Having easy access to inexpensive, energy-dense foods from bodegas or small convenient 
stores near school and having higher density of fast food outlets in low socioeconomic neighborhoods or 
near schools in low-income neighborhoods can influence an individual’s food intake and adolescents’ 
food choices over the years (Bauer, Larson, Nelson, Story, & Neumark-Sztainer, 2009; Casey et al., 2008; 
Fox, Dodd, Wilson, & Gleason, 2009; Neckerman et al., 2010).  Of note is that foods available for 
purchase at convenience stores are of lower nutritional value (K. Morland, Diez-Roux, & Wing, 2006) and 
the abundance of less healthy food outlets such as convenience stores and fast food restaurants 
presents a significant risk for residents living in lower-income neighborhoods and communities of color for 
developing obesity and type II diabetes (Kimberly Morland et al., 2002; Shannon N Zenk et al., 2005).   
Higher concentrations of fast food restaurants were noted in lower-income and ethnic minority 
neighborhoods when compared to middle- to higher-income areas, which may explain racial differences 
relating to higher obesity prevalence in these neighborhoods (Fleischhacker, Evenson, Rodriguez, & 
Ammerman, 2011; Lisa M. Powell, Chaloupka, & Bao, 2007) with the density of fast food restaurants 
accounting for six percent of the variance in the state obesity rates (Maddock, 2004).  Another study 
reported that the neighborhood SES has a positive and statistically significant association with one’s fruit 
and vegetable intake, even after controlling for individual characteristics such as gender, nativity, 
educational attainment, and family income (Dubowitz et al., 2008).  Of interest is that their study found the 
neighborhood SES mattered more for Whites than for Blacks and Mexican Americans, which suggests 
that the neighborhood SES may influence race/ethnic groups’ dietary intake differently. 
 The association between one’s level of education and food choices has been examined.  A 
survey of adults living in rural communities in Missouri, Arkansas and Tennessee noted that those having 
more than a high school education reported greater access to a large selection of fruit and vegetable and 
were more likely to shop in supermarkets and bakeries, and to eat at sit down restaurants (restaurant with 
waiter or waitress service) (Casey et al., 2008).  One’s occupation can provide helpful context when 
studying the association between education level and food choices.  Findings from a study using the New 
York City Community Health Survey showed increased odds of eating five or more servings of fruit and 




National Health Interview and Examination Survey that reported adults having less education consumed 
more energy-dense foods and fewer fruit and vegetable, which may be partially explained by the greater 
energy demand related to the participant’s higher levels of physical work activity (Finger, Tylleskar, 
Lampert, & Mensink, 2013).    
 Qualitative studies have been conducted to more fully understand the experience and interactions 
of food shopping in disadvantaged neighborhoods.  The experience of fruit and vegetable grocery 
shopping by low-income households in upstate New York’s underserved rural and inner city settings was 
examined using a grounded theory approach.  The principal food shopper was selected, independent of 
any shopping destination, and interviewed in their homes.  Themes that emerged from the interviews 
included weighing location versus convenience, navigating the store environment, determining product 
quality, evaluating product price, and differing social relationships that takes place between the participant 
consumers with stores and store personnel (Webber, Sobal, & Dollahite, 2010).  The themes that 
emerged from this qualitative study provided helpful insights into the attitude, motivation, and behavior of 
produce shoppers and their choice of shopping location. 
The consumption-related behavior of community participants from poor neighborhoods in the 
United Kingdom was examined using an ethnography research method.  Findings from this study 
provided insights into four routines-of-practice, each representing participants’ approaches to food 
shopping:  The “restricted and budgeted” food shopping style was least influenced by the supermarket 
environment and has more to do with the participants’ planned purchases; (2) The “item by item” food 
shopping style was not greatly influenced by in-store marketing and relied on planning; (3) The “working 
around the store” food shopping style relied on participants’ familiarity with the in-store food environment 
layout and their repetitive food purchases; and (4) The “chaotic and reactive” food shopping style is most 
influenced by the supermarket environment and is characterized by unplanned purchases (Thompson, 
Cummins, Brown, & Kyle, 2012). 
 The sociocultural root of low-income Latino community in the Bushwick neighborhood of Brooklyn, 
NY was studied using an ethnographic approach to understand circumstances of childhood obesity in 
families interviewed and observed.  Families who participated were Puerto Rican, Ecuadorian, Columbian, 




families as being safer and less fragile than thinner children given that overweight was not out of their 
family norm.  Of note is that many of the families interviewed relied heavily on government benefit 
programs and their food coping strategies included food sharing with family members, “taking credit” and 
paying back over time when food shopping at local bodegas (small neighborhood food stores) in order to 
save travel time and transportation costs, and eating at community resource centers such as church food 
pantries (Kaufman & Karpati, 2007).  Community leaders suggested that food shopping at bodegas 
conveniently located in one’s densely populated inner-city neighborhood provides residents with a 
comfortable place to go to and one that offers informal credit that they or other family members can pay 
back over time (Horowitz et al., 2004).     
Influence of Health Behavior on Health Outcomes 
 The activity-friendliness of the neighborhood can have an impact on the resident’s weight status 
as noted in studies that found an association between higher rates of obesity and the residents’ 
perception of their community as being unpleasant or not supportive of physical activity (Casey et al., 
2008; Li et al., 2008).  The presence of facilities such as post office, banks, and drugstores in areas with a 
higher commercial/residential land use mix was noted to be correlated with higher frequencies and 
duration of resident’s neighborhood walking (Adams et al., 2011; Li et al., 2008).  The aesthetic of the 
neighborhood, street trees, parks, and the neighborhood landscaping was reported to have an influence 
on one’s interest in walking as does the sidewalk condition, street lighting, pedestrian safety, police 
presence, neighborhood surveillance, street connectivity, and access to subway and transit stops in 
increasing physical activity in the various age groups studied ranging from adolescents to older adults 
(Adams et al., 2011; Li et al., 2008; Lovasi et al., 2011; Mota, Almeida, Santos, & Ribeiro, 2005; Wang & 
Lee, 2010).  One’s living space also has an effect on an individual’s motivation for physical activity.  In 
particular, living in a corner lot, having a good window view, adequate indoor daylight or the presence of 
landscaped yards as well as having a variety of walking routes were noted to have contributed to higher 
levels of physical activity and neighborhood walking among older adults (Wang & Lee, 2010).  Moreover, 
the combination characteristics of the urban walking environment, the availability of healthy foods in the 
neighborhood, and other formal fitness amenities was significantly associated with lower BMI (Black, 




Studies have found that people living near grocery stores or supermarkets are more likely to eat 
fruit and vegetable, whereas people living near convenience stores or fast food restaurants are more 
likely to purchase potentially unhealthy foods thus contributing to their becoming obese and increasing 
their risk for obesity-related disease (Auchincloss, Roux, Brown, Erdmann, & Bertoni, 2008; Babey et al., 
2008; Bauer et al., 2009; Brug, 2008; K. Morland et al., 2006; K. Morland et al., 2002; K. B. Morland & 
Evenson, 2009; Spence et al., 2009; Thornton, Pearce, Macdonald, Lamb, & Ellaway, 2012; Shannon N. 
Zenk et al., 2009).  Greater availability of fresh vegetables in the neighborhood, regardless of the type of 
food store, was noted to be associated with increased vegetable intake (Bodor, Rose, Farley, Swalm, & 
Scott, 2008).  However, no association was found to support the access to healthier food choices in 
supermarkets and the actual consumption of fruit and vegetable in adults; those having less than a high 
school education were noted to have less access to large selection of fruit and vegetable as well as 
having a higher rate of eating at buffet-style restaurants (Casey et al., 2008; Pearce, Blakely, Witten, & 
Bartie, 2007).  
 The 2010 Dietary Guidelines for Americans highlighted the connection between the food and 
physical activity environment and recommended that healthy eating complement regular physical activity 
in order to support growth and development and to reduce the risk for chronic disease (U.S. Department 
of Agriculture and U.S Department of Health and Human Services, 2010).  Compared to other types of 
food stores, supermarkets tend to provide a greater variety of healthier food choices and at lower prices 
(Chung & Myers, 1999; Glanz, Sallis, Saelens, & Frank, 2007).  The effects of healthy eating have been 
examined and differences were noted in metropolitan and nonmetropolitan areas.  Fruit and vegetable 
consumption were higher and obesity was lower in the metropolitan areas (Michimi & Wimberly, 2010).  
Of note is that increasing distance to supermarkets was positively associated with increased prevalence 
of obesity only in the metropolitan area model, which supported the association between higher 
supermarket accessibility with higher availability and consumption of fruit and vegetable (Michimi & 
Wimberly, 2010).    
 In a study of the neighborhood food environment and obesity in New York City, a positive 
association was noted for those surrounded by increased density of healthy food outlets with having lower 




examined in the study was categorized as BMI-healthy, BMI-intermediate, and BMI-unhealthy food outlets 
based on existing literature such that supermarkets, fruit and vegetable stores, and natural/health food 
stores are grouped under BMI-healthy food outlets.  However, the same study also noted the lack of 
significant association between the density of unhealthy food and BMI or obesity, which the researchers 
reflected as the presence of additional unhealthy food outlets reaching a saturation point such that there 
may not be any corresponding increase in fast food intake among residents in these neighborhoods.  
Similarly, another study that examined the association between individual and neighborhood-level 
characteristics with obesity in a large representative sample from New York City reported that mixed land 
use and improved walkability was significantly associated with an individual’s BMI (Black et al., 2010).   
Summary 
 The review of the literature highlighted the important role that place can have on health.  
Specifically, the review provided insights into the influence of the neighborhood food environment on food 
access and health, the influence of social and economic factors on healthy eating and health, and the 
influence of health behaviors such as fruit and vegetable consumption on health outcomes.  Additional 
study is needed to better understand the relationship between the neighborhood food environment, health 
behaviors, and health outcomes in a predominantly low-income urban community in New York City that 
has significant health disparities. 
Table 2: Characteristics of the Studies highlighting Study Designs and Model Components 
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CHAPTER III: METHODOLOGY 
 This cross-sectional observational study was undertaken as part of a larger initiative, the 
Washington Heights/Inwood Informatics Infrastructure for Comparative Effectiveness Research (WICER) 
Project, and supports WICER’s overall goal of gaining a comprehensive understanding of community 
residents living in Northern Manhattan by contributing to our understanding of the influence of place on 
health in a predominantly Hispanic underserved urban population.   
 This study is guided by three aims:  
 AIM 1.  The first aim is to characterize the actual and perceived neighborhood food environment 
in Northern Manhattan. 
 Research Question 1.1:  What is the actual neighborhood food environment (food outlet types) 
and does it vary in the participants’ 0.25-mile and 0.5-mile residential radius buffers? 
 Research Question 1.2:  What is the relationship between perceived neighborhood food 
environment and actual neighborhood food environment in the participants’ respective 0.25-mile 
and 0.5-mile residential radius buffers? 
 AIM 2.  The second aim is to understand the relationship between the actual and perceived 
neighborhood food environment, sociodemographic characteristics and the likelihood of consuming five or 
more servings of fruits and vegetables per day. 
 Research Question 2.1:  Which factors are associated with increasing the participants’ likelihood 
of consuming five or more servings of fruits and vegetables per day? 
 AIM 3.  The third aim is to describe the contribution of participants’ sociodemographic 
characteristics and health behaviors to their health outcomes. 
 Research Question 3.1:  Which factors are associated with higher BMI? 
 Research Question 3.2:  Which factors are associated with hypertension? 
 Research Question 3.3:  Which factors are associated with self-report of good health? 
Study Setting and Participant Recruitment   
The study was conducted in ZIP codes 10031, 10032, 10033, 10034, and 10040 that comprise 
the Hamilton Heights, Washington Heights and Inwood sections of Northern Manhattan, a low-income 




were 18 years or older and spoke either English or Spanish were primarily recruited for the WICER Study 
through convenience and snowball sampling in the Columbia Community Partnership for Health (CCPH), 
in the New York-Presbyterian Hospital’s Ambulatory Care Network (ACN) clinics, and in Northern 
Manhattan’s residential households (HH) and other community locations such as schools and businesses.  
For participants in residential households, sampling was initiated through a randomized household 
sampling approach, but evolved as planned to convenience and snowball sampling over time (Lee et al, 
2014). 
The CCPH, an initiative of the Irving Institute for Clinical and Translational Research at Columbia 
University Medical Center, is the community outreach arm of Columbia University, which aims to improve 
the health of the community-at-large.  A dedicated community resource center, CCPH offers communal 
space to support the health-related research interests of investigators, community-based organizations, 
and community residents.  An average of 25 community residents visit CCPH on most days to attend 
workshops on a variety of health topics offered at the center, participate in a clinical trial, or use the 
center’s computers to search health information online (Columbia University Medical Center).  Free blood 
pressure screening is offered once a week.  The ACN is the ambulatory clinics network of New York-
Presbyterian Hospital and consists of in-hospital or stand-alone community health center practices for 
New York City residents.  The ACN primarily serves patients with Medicaid/Medicare insurance.  
Human Subjects Protection   
Participant recruitment and data collection began in 2011 by the English-Spanish bilingual 
community health workers.  All study participants provided informed consent in their language of choice 
(English or Spanish).  A unique Response ID was assigned for each of the WICER study participants to 
protect their identity and to ensure their privacy.  This study supports the National Institutes of Health’s 
mandate by law (NIH Revitalization Act of 1993, PL103-43) to include women and minority groups in 
research in a manner that is appropriate to the scientific question under study.  The study population 
included Hispanic participants of both genders 18 years of age and older living in a low income and 
minority underserved urban community.  The Institutional Review Board at Columbia University Medical 




Inclusion and Exclusion Criteria   
Inclusion criteria for this study included Hispanic males and females aged 18 years or older, 
speak English or Spanish, have valid measures for key variables of interest, and reside in one of the five 
Northern Manhattan postal ZIP codes: 10031, 10032, 10033, 10034, and 10040.  The Hamilton Heights 
community includes the ZIP code 10031, the Washington Heights community encompasses the ZIP 
codes 10032, 10033 and 10040, and the Inwood community covers the ZIP code 10034.  The exclusion 
criteria included non-Hispanics, those younger than 18 years old, those who do not speak English or 
Spanish, have missing or invalid measures on key variables of interest, or reside outside of the five 
Northern Manhattan ZIP codes.   
Study Variables   
 The variables for this study are based on the integration of relevant external data on healthy food 
outlets to provide an objective assessment of the neighborhood food environment in Northern Manhattan 
with the comprehensive community-based WICER survey data.  The external neighborhood food 
environment data and the WICER survey are described below.  
Neighborhood Food Environment   
Data for the neighborhood food environment were derived using the ReferenceUSA (Infogroup, 
Papillion, Nebraska) verified national business database on U.S. businesses for 2012.  The detailed 
business information in the ReferenceUSA database include company name, address and geocoded 
location (latitude, longitude), location type (single location or branch), franchise description, location 
employee size, location square footage, Standard Industrial Classification (SIC) and North American 
Industry Classification System (NAICS) codes and descriptions.  SIC is a system that classifies 
companies based on their industry areas whereas NAICS is the standard used by the Federal statistical 
agencies in classifying business establishments for the purpose of collecting, analyzing, and publishing 
statistical data related to the U.S. business economy (U.S. Census Bureau, 2013).   
Consistent with other studies that examined the availability of healthy foods or presence of 
healthy food outlets in the local community being studied (Jack et al., 2013; Larson et al., 2009; Rundle et 
al., 2009; Stark et al., 2013; Walker et al., 2010), relevant healthy food outlets were identified and 




codes and descriptions for this study.  Three types of food outlets that sell fruits and vegetables were 
identified and their NAICS codes are: 445110 for Supermarkets/Other Grocery (exclude Convenience) 
Stores, 445230 for Fruit and Vegetable Markets, and 445210 for Meat Markets.   
WICER Survey  
The WICER survey employs primary data collection by English-Spanish bilingual community 
health workers through face-to-face interview with study participants.  To obtain a comprehensive 
understanding of the health of residents living in Northern Manhattan, participants’ self-reported variables 
were collected using a comprehensive community-based survey that was developed from standardized 
patient assessment instruments representing health measures of interest to the WICER Study.  The 
WICER survey includes discrete response questions with branching logic and takes approximately 45 
minutes to one hour for participants to complete.   
The WICER survey is administered using the iPad tablet computer in the clinical setting and on 
paper outside of the clinical study setting.  The WICER survey collected participants’ demographic 
characteristics and socioeconomic factors data, anthropometric measurements (objectively measured BP, 
height, weight, and waist circumference), and participants’ self-reported information such as self-reported 
health, health and illness perceptions, quality of life, social relations, and health behaviors such as 
physical activity and diet.   
Operationalization, Measures and Data Types 
 The variables of interest in this study are the actual and perceived neighborhood food 
environment, residents’ demographic and socioeconomic characteristics (study participant’s address and 
ZIP codes, age, gender, self-reported diabetes, Hispanic or Latino or Spanish origin, nativity, marital 
status, education, health insurance, and employment status), health behavior (fruit and vegetable 
consumption), and health outcomes (BMI, hypertension, self-reported health).  Table 3 describes the 
study aim, research question and variables of interest organized using the County Health Rankings Model 
and Table 4 provides operationalization and measurement of the study variables. 
Table 3: Study Aim, Research Question and Study Variables 
Study Aim Research Question  Study Variables  




Study Aim Research Question  Study Variables  
1. To characterize the actual and 
perceived neighborhood food 
environment in Northern 
Manhattan. 
1.1: What is the actual 
neighborhood food environment 
(food outlet types) and does it 
vary in the participants’ 0.25-mile 
and 0.5-mile residential radius 
buffers? 
1.2: What is the relationship 
between perceived neighborhood 
food environment and actual 
neighborhood food environment 
in the participants’ respective 
0.25-mile and 0.5-mile residential 
radius buffers? 
Actual Neighborhood Food 
Environment’s food outlets that 
sell fruit and vegetable 
Perceived Food Environment: A 
large selection of fresh fruit and 
vegetable is available in my 
neighborhood, fresh fruit and 
vegetable in my neighborhood 
are of high quality, and a large 
selection of low-fat products is 
available in my neighborhood  
Participant’s geocoded 
residential address  
Health Behavior 
2. To understand the relationship 
between the actual and 
perceived neighborhood food 
environment, sociodemographic 
characteristics and the likelihood 
of consuming five or more 
servings of fruits and vegetables 
per day. 
2.1 Which factors are associated 
with increasing the participants’ 
likelihood of consuming five or 
more servings of fruits and 
vegetables per day? 
Actual and Perceived 
Neighborhood Food Environment 
Sociodemographic 
Characteristics 
Health Behavior (Fruit and 
Vegetable Consumption) 
Health Outcomes 
3. To describe the contribution of 
participants’ sociodemographic 
characteristics and health 
behavior to their health 
outcomes. 
3.1: Which factors are associated 
with higher BMI? 
3.2: Which factors are associated 
with hypertension? 
3.3: Which factors are associated 
with self-report of good health? 
Sociodemographic 
Characteristics 
Health Behaviors (Fruit and 
Vegetable Consumption) 




Table 4: Study Variables, Definition, Measures, and Data Types  






Objective neighborhood food 
environment created by identifying, 
aggregating, describing and 
quantifying healthy food outlet types 
that sell fruit and vegetable in the 
Food outlet types in the five 







Study Variables  Definition Measures Data Type 






quality of healthy 
foods in my 
neighborhood  
Person-level self-report of the 
availability and selection of fresh fruit 
and vegetable in my neighborhood:   
Disagree (Disagree, Strongly 
Disagree) 
Agree (Strongly Agree, Agree) 
A large selection of fresh 
fruits and vegetables are 
available in my 
neighborhood. 
Categorical 
Person-level self-report of the quality 
of fresh fruit and vegetable in my 
neighborhood  
Disagree (Disagree, Strongly 
Disagree) 
Agree (Strongly Agree, Agree) 
The fresh fruits and 
vegetables in my 
neighborhood are of high 
quality. 
Categorical 
Person-level self-report of the 
availability and selection of low fat 
products in my neighborhood:   
Disagree (Disagree, Strongly 
Disagree) 
Agree (Strongly Agree, Agree) 
A large selection of low fat 






and ZIP Code 
Individual 0.25-mile and 0.5-mile 
person-level neighborhood radius 
buffers created around the 
participants’ geocoded residential 
addresses given that residents can 
travel outside of their home to buy 
fruit and vegetable. 
0.25-mile and 0.5-mile radii 
from study participants’ 
home addresses where they 




Age Age in years  Computer calculated age Continuous 
Gender Male, Female What is your gender? Categorical 
Self-reported 
Diabetes 
Self-reported Diabetes: No or Yes Have you ever been told by 
a doctor, nurse, or other 
health professional that you 
had... Diabetes, high blood 
sugar, or sugar in the urine 




or Spanish origin 
Hispanic: No or Yes (study inclusion 
criteria: Hispanic=Yes) 
Are you of Hispanic, Latino 
or Spanish origin? 
Categorical 




Study Variables  Definition Measures Data Type 
Foreign-born: DR (Born in the 
Dominican Republic) 
Foreign-born: Other (Born outside of 
the United States or the Dominican 
Republic) 
 
Survey Language Survey language preference: Spanish 
or English 
Survey language preference Categorical 
Social and Economic Factors 
Social Relations Not Partnered (Single, Never Married, 
Divorced, Separated, Widowed)  
Partnered (Married, Partnered)  
Which best describes your 
marital status? 
Categorical 
Education < High School (Never went to school, 
Eight grade or less, Some high 
school, not a high school graduate) 
High School graduate (High school 
graduate or GED) 
> High School (Some college or 
technical, trade or vocational school, 
Associates or Bachelors or Masters or 
Doctoral degrees)  
What is the highest level of 
education you completed? 
 
Categorical 
Health Insurance  Uninsured (No insurance) 
Insured (Medicare, Medicaid, 
Veteran’s Affairs, Private) 
Health Insurance Type 
(Medicare/Medicaid, Veteran’s Affairs, 
Private) 
What type of health 
insurance do you currently 
have? 
Categorical 
Employment  Based on survey responses, any full-
time or part-time employment was 
categorized as employed and all other 
responses was categorized as 
unemployed.  
Unemployed (all other responses) 
Employed (any type of employment) 







Responses were standardized to the 
“per day” unit of reference and 
recoded as dichotomous variable 
based on participant’s consuming the 
federal minimum recommendation of 
two servings of fruits per day and 
During the past 30 days, not 
counting juice, how many 
times per day, week, or 
month did you eat fruit?  
__ per day, __ per week, or 





Study Variables  Definition Measures Data Type 
three servings of vegetables per day 
 Fruit Consumption per day: <2 or 
≥2 servings per day 
 Vegetable Consumption per day: 
<3 or ≥3 servings per day 
The daily fruit consumption and the 
daily vegetable consumption 
(continuous) variables were then 
combined and recoded as 
dichotomous variable based on the 
participant’s consuming the federal 
minimum recommendation of five 
servings of fruits and vegetables per 
day 
 Fruit and Vegetable Consumption 
per day: <5 or ≥5 servings per 
day 
During the past 30 days, 
about how many times per 
day, week, or month did you 
eat dark green vegetables? 
__ per day, __ per week, or 
__ per month 
Not counting what you just 
told me, during the past 30 
days, about how many times 
per day, week or month did 
you eat other vegetables? 
__ per day, __ per week, or 








BMI BMI: Normal Weight (18.5 - 24.9), 
Overweight (25.0 – 29.9), Obese 
(≥30.0) 




Perceived weight (body size): Not 
Overweight (underweight, just about 
right), Overweight 
Do you consider yourself to 
be overweight, underweight 
or just about right? 
Categorical 
BP Hypertension: No or Yes (≥140/90 
mmHg)  
Database average of the 2nd 




< Good (Fair, Poor) 
≥ Good (Excellent, Very Good, Good), 
Would you say that in general 
your health is ___________?   
Categorical 
    
Physical Environment 
 The Northern Manhattan food environment was characterized through the actual and perceived 
neighborhood food environment.  The actual neighborhood food environment is defined as the objective 
availability of food outlets that sells fruit and vegetable, and was created by aggregating external data on 
food stores.  Data to support the actual neighborhood food environment was obtained by identifying food 
outlets using commercial business data and public data sources.  The actual neighborhood food 
environment’s food outlets in Northern Manhattan were geocoded using geographic information system 




participant’s street addresses.  In addition to using the NAICS codes to identify food outlets obtained from 
the ReferenceUSA business dataset, differentiation was made on the actual neighborhood food 
environment using the ReferenceUSA business data on square footage and location type (single location 
or branch).  Retail food outlets with larger square footage are of particular interest in this study given that 
these types of food outlets may offer higher quality and greater variety of healthy food products at 
affordable prices (Chung & Myers, 1999; Glanz, Sallis, Saelens, & Frank, 2007).   
 The perceived neighborhood food environment is defined as the person-level self-report of the 
availability, selection and quality of healthy foods in their neighborhood.  Data on the perceived availability 
of healthy foods were measured using the three WICER community survey items: 1) “A large selection of 
fresh fruit and vegetable is available in my neighborhood”, 2) “The fresh fruit and vegetable in my 
neighborhood are of high quality”, and 3) “A large selection of low fat products is available in my 
neighborhood.”  Participants’ responses to these questions were dichotomized and coded as either 
Disagree or Agree.  Data on participants’ residence are based on the WICER survey data’s response IDs, 
geocoded residential addresses and ZIP Codes. 
Proxy for Neighborhood 
 The definition of neighborhood can vary from one person to another.  One’s context of their 
neighborhood may depend on where they work or shop in the neighborhood or how much they are 
exposed to the neighborhood where they live (Sastry, Pebley, & Zonta, 2002).  Potential proxies for 
neighborhood such as the Zone Improvement Plan (ZIP) codes’ geographical boundary and resident-level 
neighborhood will be explored and discussed.  ZIP codes are familiar geographical distinction that is 
representative of the U.S. Postal Service’s mail delivery service areas.  The primary use for ZIP code is to 
improve the mail delivery service and the postal ZIP code boundaries may undergo realignment to reflect 
changes in city name, area growth and/or changes in finance number (U.S. Postal Service).  
 For this study, the person-level neighborhood will serve as proxy for neighborhood.  Food outlet 
types present in the participants’ 0.25-mile and 0.5-mile radius buffers was identified and spatially 
modeled to create a person-level neighborhood food environment where community residents can travel 
outside of their home to buy fruits and vegetables.  The 0.25-mile radius starts from where participants 




where participants live up through the edge of their 0.5-mile residential radius border.  Half-mile is 
considered a walkable distance (Agrawal, Schlossberg, & Irvin, 2008) and covers places that a person 
can reach along their connected street networks (Rundle et al., 2009).  The geocoded addresses of 
Northern Manhattan’s food outlet types were integrated and mapped into our WICER study participants’ 
respective 0.25-mile and 0.5-mile residential radii as illustrated in Figure 2.  
 
Figure 2: Illustration of Neighborhood Food Environment present in the Participants’ 0.25-mile and 
0.5-mile Residential Radius Buffers 
 
Food Environment Measures  
 The actual neighborhood food environment was measured by describing how many of the 
different food outlet types are present in each of the five Northern Manhattan ZIP codes.  Figure 3 
illustrates how the WICER survey data maintained in the REDCap database were integrated with the 
Northern Manhattan’s neighborhood food environment data through ArcGIS and spatial models were 
created to identify food outlet types that are present in the participants’ respective 0.25-mile and 0.5-mile 






Figure 3: Diagram of Data Integration, Spatial Modeling and Data Analyses  
 
Demographic Characteristics   
 Participants’ demographic characteristics were measured using the WICER survey data such as 
age, gender, home address and ZIP code, self-reported diabetes, and nativity.  Age of the study 
participants was measured using the computer-calculated age.  Gender was measured as Male or 
Female.  Self-reported diabetes was measured using the question: “Have you ever been told by a doctor, 
nurse, or other health professional that you had... Diabetes, high blood sugar, or sugar in the urine only 
when you were not pregnant?”  The survey responses were dichotomized as Self-reported diabetes: Yes 
or No.  Hispanic, Latino or Spanish Origin was measured with the survey question “Are you of Hispanic, 
Latino or Spanish Origin?” and only the Yes response was included in this study.  Nativity was measured 
with the question “Where were you born?” and responses for this birthplace question was grouped into 
three categories: (1) US-born, (2) Foreign-born: DR for participants born in the Dominican Republic, and 
(3) Foreign-born: Other for participants born outside of the United States or the Dominican Republic.  
Social and Economic Factors   
 Data on the social and economic factors were measured using the WICER community survey 
data on social relations, education, health insurance, and employment status.  Social relation related to 
marital status was assessed and coded as either Not Partnered or Partnered.  Education was measured 




collapsed into Less than High School, High School, and More than High School.  The six response 
options to the survey question “What type of health insurance do you currently have?” were assessed, 
dichotomized, and coded as either Uninsured or Insured.  Employment status was assessed using the 
question “What is your current occupation?”.  Responses related to any type of full-time or part-time 
employment (i.e., Teacher, Teacher Assistant, Cook, Baker, Deli Worker, Street Vendor, Travel Agent, 
Bus Driver, Cashier, Night Clerk, Messenger, Forklift Operator, Construction Worker, Sales Person, 
Factory Worker, Computer Technician, Babysitter, Home Attendant, Housekeeper, Security Officer, 
Pharmacy Technician, Postal Worker, Pastor, Industrial Engineer, Actress, Legal Secretary, Social 
Worker, Counselor, Supervisor, Manager) were coded as Employed and all other responses (i.e., Student, 
Homemaker, Disabled, Retired) were coded as Unemployed.   
Health Behavior   
 Health behavior was measured using the WICER survey questions on fruit and vegetable 
consumption.  Fruit and vegetable consumption were measured separately using the WICER survey 
questions: 1) “During the past 30 days, not counting juice, how many times per day, week, or month did 
you eat fruit? Count fresh, frozen, or canned fruit.”, 2) “During the past 30 days, how many times per day, 
week, or month did you eat dark green vegetables?”, and 3) “Not counting what you just told me, during 
the past 30 days, about how many times per day, week or month did you eat other vegetables?”   
 The three fruit and vegetable consumption survey questions allowed participants to respond with 
the actual number of fruits and of vegetables they consume either per day, per week, or per month.  
Responses were standardized to the “per day” unit of reference.  The daily Fruit Consumption and the 
daily Vegetable Consumption continuous variables were initially assessed separately and recoded as 
categorical variables based on the participant’s consuming the federal minimum recommendation of two 
servings of fruits per day and three servings of vegetables per day. The daily Fruit Consumption and the 
daily Vegetable Consumption continuous variables were then combined and recoded as a Fruit and 
Vegetable Consumption dichotomous variable based on the participant’s consuming the federal minimum 
recommendation of five servings of fruits and vegetables per day (Centers for Disease Control and 




Health Outcomes   
 Health outcomes were measured using the WICER survey data on BMI, hypertension, and self-
reported health.  English-Spanish bilingual community health workers interviewed the study participants 
and took their height and weight, waist circumference and BP anthropometric measurements.  BMI was 
derived from the objectively measured participant’s height and weight and calculated using the standard 
equation of weight (kilograms) divided by the square root of height (square meters).  The mean and SD 
were used to describe the calculated BMI, a continuous variable.  The perceived weight (body size) was 
measured using the question “Do you consider yourself to be overweight, underweight or just about right?” 
to assess participant’s perceived weight and their responses was dichotomized as Overweight or Obese, 
and Not Overweight.  
 Average of the second and third blood pressure readings was coded as Hypertension: Yes or No 
based on the current national guideline and the Eight Joint National Committee’s panel recommendation 
for BP goals of <140/90 mm Hg for managing hypertension in adults and in persons 18 years and over 
with diabetes (American Heart Association, 2013; James et al., 2014).  The self-rated health status was 
assessed using the question “Would you say that in general your health is ________?” and the five Likert-
type response options ranging from Poor, Fair, Good, Very Good, and Excellent was collapsed into 
≥Good and <Good.  Participants who responded that their health status was Fair or Poor were considered 
to have less than good self-reported health. 
Data Management and Data Quality  
 Each of the ReferenceUSA’s commercial database records was examined by hand for quality and 
completeness by one of their more than 700 database specialists.  The ReferenceUSA’s business and 
residential databases are also continuously verified and updated from more than 5,000 public sources, 
including millions of phone calls placed annually to verify and collect additional information on businesses 
(ReferenceUSA). 
 Approaches undertaken to further ensure the validity of ReferenceUSA’s commercial database 
for the Northern Manhattan’s healthy food outlets included a review of all the data contained in the 
business listing.  The store’s physical addresses was also examined given that the address listed in the 




location address with another store.  To ensure that food outlets derived from the ReferenceUSA 
commercial database are represented accurately and that their identity, address and food outlet 
classification are validated, an onsite ground-truth field assessment was undertaken by the Investigator.  
In addition, the Investigator conducted an online virtual assessment using Google Maps with Street View 
to complement the onsite ground-truth field assessment.  Studies have noted the agreement between on-
site field assessments and virtual neighborhood assessments conducted using Google Earth, Google 
Maps, and Google Maps with Street View (Ben-Joseph, Lee, Cromley, Laden, & Troped, 2013; Clarke, 
Ailshire, Melendez, Bader, & Morenoff, 2010; Rundle, Bader, Richards, Neckerman, & Teitler, 2011a, 
2011b) and findings from these studies support the innovative use of web-based GIS tools as an efficient, 
cost-effective and reliable approach to complement neighborhood field assessments.   
 The WICER survey data management process is proactive and ongoing to identify and clean 
invalid, duplicate or missing WICER community survey response data.  The WICER survey database has 
also been transitioned into REDCap, a secure, web-based application for building and managing online 
surveys and databases, to provide real-time data validation, integrity checks and other mechanisms for 
ensuring data quality.  Data was assessed for errors and/or missing values and participants were 
excluded from the analysis if they had missing data on one or more of the key study variables.  
Participants with extreme outlying BMI data (objectively measured BMI >70) were excluded from the 
analysis. 
Linkage of WICER Survey Data with Neighborhood Food Environment Data 
 The neighborhood food environment data on healthy food outlets was integrated with the WICER 
survey data.  Food outlets were identified using the NAICS codes and definitions obtained from the 
ReferenceUSA commercial database given that the NAICS codes offer more detailed food outlet 
classification information when compared to SIC codes.  The geocoded addresses of the neighborhood 
food environment data and the WICER survey participant’s residential addresses provided the longitude 
and latitude coordinates to allow overlaying of the healthy food outlet locations around the participant’s 




Data Analysis   
 Statistical analyses were conducted using the IBM SPSS Statistics version 23 (IBM SPSS Inc., 
Chicago, Illinois).  Descriptive statistics were used to summarize the sample characteristics and to assess 
the frequency and distribution of study variables.  The distribution of predictor variables were individually 
assessed and decision to treat predictor variables as continuous variables were based upon their normal 
distribution.  The binary outcome variables included the study participants’ perceived neighborhood food 
environment, fruit and vegetable consumption, BMI, hypertension, and self-reported health.  All variables 
having an alpha level of significance at p<0.20 in the bivariate analyses were included in the multivariate 
regression models using the Backward elimination model building method to avoid excluding relevant 
variables for the final model (Hosmer & Lemeshow, 2000; Mickey & Greenland, 1989).  Results of the 
final step in the multivariate regression models are presented. 
 AIM 1.  The first aim is to characterize the actual and perceived neighborhood food environment 
in Northern Manhattan. 
A spatial model approach was used to identify food outlet types present in the study participants’ 
0.25-mile and 0.5-mile residential radius buffers.  The spatially modeled person-level neighborhood 
provided geographical context on where participants can buy fruit and vegetable in the neighborhood.  
Histograms and detailed descriptive statistics of food outlet types present in the participants’ respective 
0.25-mile and 0.5-mile residential radii described the neighborhood food environment landscape in the 
Northern Manhattan’s five ZIP codes study setting.  To provide additional context, the descriptive 
statistics also included the number and percentage of residents who have access to Fruit and Vegetable 
Market and Meat Market given the lower counts of these two food outlet types present in the participants’ 
respective 0.25-mile and 0.5-mile residential radii.  The number of medium and large size 
Supermarket/Grocery was also combined into one variable given their smaller count data.  
 Three perceived neighborhood food environment outcome variables were examined: a large 
selection of fresh fruit and vegetable is available in my neighborhood, fresh fruit and vegetable in my 
neighborhood are of high quality, and a large selection of low-fat products is available in my 
neighborhood.  Bivariate (single predictor) binary logistic regressions were initially performed to examine 




significant predictor variables (p<0.20) noted during the bivariate analyses were entered into the full 
multivariate binary logistic regression models to examine factors predicting the participants’ perception of 
their neighborhood food environment.  In particular, two multivariate regression analyses were performed 
to account for food outlet types present in the participants’ respective 0.25-mile and 0.5-mile residential 
radii.  The Hosmer-Lemeshow tests were used to determine goodness of fit of the model with the data.   
 AIM 2.  The second aim is to understand the relationship between the actual and perceived 
neighborhood food environment, sociodemographic characteristics and the likelihood of consuming five or 
more servings of fruits and vegetables per day. 
 Bivariate (single predictor) binary logistic regressions were initially performed to examine factors 
predicting factors predicting the participants’ likelihood of consuming five or more servings of fruits and 
vegetables per day.  Variables with p<0.20 in bivariate analyses were entered in our multivariate models.  
The models were run using the three perceived neighborhood food environment as continuous predictor 
variables based on their normal distribution.  Two multivariate binary logistic regression analyses were 
conducted to separately account for food outlet types present in the participant’s 0.25-mile and in their 
0.5-mile residential radii, while controlling for other factors included in the model.  The Hosmer-Lemeshow 
tests were used to determine goodness of fit of the model with the data.   
 AIM 3.  The third aim is to describe the contribution of participant’s sociodemographic 
characteristics and health behaviors (fruit and vegetable consumption) to their health outcomes (BMI, 
hypertension, self-reported good health).  
 Three outcome variables were examined: BMI, hypertension, and self-reported health.  Bivariate 
(single predictor) binary logistic regressions were initially performed to examine factors predicting the 
outcome variables.  Variables with p<0.20 in bivariate analyses were entered in our multivariate models.  
For the BMI outcome variable, separate bivariate and multivariate logistic regression analyses were 
performed to examine the contribution of factors to higher BMI in the overweight and in the obese range, 
while controlling for other factors included in the model.  The fruit and vegetable consumption variable 
was included in the binary logistic regression analyses that examined factors predicting their association 
with higher BMI, hypertension, self-reported health.  In addition, BMI and hypertension were also included 




of good health.  The Hosmer-Lemeshow tests were used to determine goodness of fit of the model with 
the data. The statistical techniques are highlighted in Table 5.  
 
Table 5: Aim, Research Question, Variables, and Data Analysis 
Aim Research Question Study Variables 
Statistical 
Techniques 
Neighborhood Food Environment  
1. To characterize the 




1.1: What is the actual neighborhood 
food environment (healthy food outlet 
types) and does it vary in the 
participants’ 0.25-mile and 0.5-mile 
residential radius buffers? 
1.2: What is the relationship between 
perceived neighborhood food 
environment and actual neighborhood 
food environment in the participants’ 
respective 0.25-mile and 0.5-mile 










2. To understand the 
relationship between 





characteristics and the 
likelihood of consuming 
five or more servings of 
fruits and vegetables 
per day. 
2.1 Which factors are associated with 
increasing the participants’ likelihood 
of consuming five or more servings of 





















health behaviors to their 
health outcomes. 
3.1: Which factors are associated with 
higher BMI? 
3.2: Which factors are associated with 
hypertension? 
3.3: Which factors are associated with 

















CHAPTER IV: RESULTS 
Demographic Characteristics of the Study Population 
The demographic characteristics of the Hispanic study sample are shown in Table 6.  Data on our 
4,023 WICER study participants were assessed for missing data regarding variables of interest or those 
with outlier BMIs (objectively measured BMI >70), resulting in a final sample of 4,019 participants 
included in this study.  The age of the study participants ranged from 18 to 100 years old.  The mean age 
for male participants is 49 years old and the mean age for female participants is 50 years old.  Female 
participants accounted for 74% of the study population.  About one in five of the study participants (18%) 
self-reported having diabetes.  Of the 87% of the study sample who are foreign-born, Dominicans 
accounted for 78%.  Three quarters of the surveys (76%) were administered in Spanish based on the 
participants’ survey language preference.    
Table 6: Demographic Characteristics of the Study Population 
Demographic Variables Total (n=4,019) 
Demographic Characteristics: Mean (SD) 
     Age      49.8 (16.8) 
           Mean age of Male       49.2 (17.7) 
           Mean age of Female   50 (16.4) 
Demographic Characteristics: n (%) 
     Gender   
           Male    1,049 (26.1%) 
           Female 
           Not answered 
   2,950 (73.4%) 
      20 (0.5%) 
     Self-reported diabetes: Yes       711 (17.8%) 
     Nativity    
           US-born       514 (12.8%) 
           Foreign-born: DR     3,130 (77.9%) 
           Foreign-born: Other 
           Not answered 
     368 (9.2%) 
         7 (0.2%) 
     Survey language preference   
           Spanish    3,066 (76.3%) 






Descriptive Statistics for the Study Variables 
The descriptive statistics for the study variables are organized using the County Health Rankings 
model and shown in Tables 7 and 8.  The County Health Rankings model includes components that work 
together to create healthy communities.   
Neighborhood Food Environment 
The food outlet types that sell fruit and vegetable in Northern Manhattan’s five ZIP codes include 
Fruit and Vegetable Market, Meat Market, and small and medium/large size Supermarket/Grocery stores.  
The food outlet types that form the neighborhood food environment landscape for this study are shown in 
Figure 4.  
 




The food outlets that sell fruit and vegetable in Northern Manhattan’s five ZIP codes ranged from 
28 to 45 stores per ZIP code (Table 7).  The majority of the food outlets (91.5%) are single location stores, 
which have smaller square footage when compared to food outlets that are a branch of another store.  
Approximately six in seven single location stores are small size food outlets with up to 2,499 square feet 
of store space and the remaining one in seven single location stores are medium size food outlets with 
2,500 to 9,999 square feet of store space.   
Food outlets that are a branch of another store accounted for 8.5% of the total food outlets and 
have a larger square footage when compared to single location stores.  About six in seven of these stores 
are medium size food outlets with 2,500 to 9,999 square feet of store space.  The remaining one in seven 
of these stores are large size food outlet with over 40,000 square feet of store space.   
Table 7: Food Outlet Types that sell Fruit and vegetable by ZIP Codes 
Northern Manhattan ZIP Codes 
NAICS Code and Food Outlet Description 10031 10032 10033 10034 10040 Grand Total
445230 Fruit and Vegetable Market 5 3 1 1 1 11
445210 Meat Market 1 1 1 3
445110 medium/large Supermarket/Grocery* 6 8 9 5 6 34
445110 small Supermarket/Grocery* 23 16 34 23 21 117
Grand Total 34 28 45 29 29 165
* excludes Convenience Stores 
 
Social and Economic Factors 
The descriptive statistics of the study variables are presented in Table 8.  Three in five of the 
study participants are not partnered (64%).  Almost half of the study participants (48%) have a high 
school or higher education.  Over half of the participants (58%) are employed.  The majority of the study 
participants are insured (97%), primarily Medicare and/or Medicaid.  
Health Behavior 
Four in five of the study participants (>80%) agreed that a large selection of fresh fruit and 
vegetable is available and of high quality and that a large selection of low-fat products is available in their 
neighborhood.  Only 9.4% of the study participants met the federal minimum recommendation of two 




servings of vegetables per day.  Overall, 5.4% of the participants met the federal minimum 
recommendation of five servings of fruits and vegetables per day.   
Health Outcomes 
The objectively measured weight (BMI) places 39% of study participants in the overweight 
category and 36% in the obese category.  The participants’ mean BMI is 29 with BMI ranging from 14.9 to 
53.9 for male participants and 13.5 to 62.8 for female participants.  The average of study participants’ 
second and third systolic and diastolic blood pressure readings showed that 28% have hypertension.  
About three in four of the study participants (73%) reported their overall health as being greater than good.  
Table 8: Descriptive Statistics of Variables organized using the County Health Rankings Model 
Components 
Model Components Total (n=4,019) 
Perceived Neighborhood Food Environment: n (%) 
 Availability and selection of fresh fruit and vegetable  
      Agree 3,429 (86%) 
      Disagree    559 (14%) 
 High quality of fresh fruit and vegetable  
      Agree    3,297 (82.7%) 
      Disagree       690 (17.3%) 
 Availability and selection of low-fat products  
      Agree 3,274 (82%) 
      Disagree    717 (18%) 
Social and Economic Factors: n (%) 
 Education   
   More than High School   1,081 (26.9%) 
   High School Graduate      860 (21.4%) 
   Less than High School   2,078 (51.7%) 
 Employment: Employed   2,314 (57.6%) 
 Health insurance: Insured   3,916 (97.4%) 
      Insurance Type: Medicare/Medicaid      3,095 (77%)  
Marital Status 
   Partnered 
 
1,443 (36%) 
   Not partnered 2,560 (64%) 
Health Behavior: n (%) 
 Fruit consumption 
≥2 servings per day     376 (9.4%) 
 Vegetable consumption 
≥3 servings per day     239 (5.9%) 
 Fruit and vegetable consumption 






Bivariate and Multivariate Analyses 
Bivariate and multivariate analyses were performed for each of the outcome variables and the 
results are presented under their respective study aims.   
Neighborhood Food Environment: Actual and Perceived 
AIM 1.  The first aim is to characterize the actual and perceived neighborhood food environment 
in Northern Manhattan. 
Research Question 1.1:  What is the actual neighborhood food environment (food outlet types) 
and does it vary in the participants’ 0.25-mile and 0.5-mile residential radius buffers? 
A spatial model approach was used to identify food outlet types that sell fruit and vegetable in the 
participants’ 0.25-mile and 0.5-mile residential radii.  The descriptive statistics and histograms of food 
outlet types present in the participants’ residential radii are presented in Table 9 and Figure 5.   
The shape of the distribution for the small and medium/large size Supermarket/Grocery is 
normally distributed.  Given the distribution and their smaller count data, the Fruit and Vegetable Market 
variable and the Meat Market variable were each recoded as categorical and dichotomous variables.  In 
particular, the Fruit and Vegetable Market variable was recoded as a variable with three categories to 
indicate none, one store, and two or more stores in the participants’ respective 0.25-mile and 0.5-mile 
radii whereas the Meat Market was recoded as dichotomous variable to indicate their absence or 
presence in the participants’ 0.25-mile and 0.5-mile radii. 
 
Health Outcomes: n (%) 
 BMI: Mean (SD)    29 (5.8)  
   Obese (≥30)      1,447 (36%) 
   Overweight (25-29.9)    1,581 (39.3%) 
 Hypertension  
   Yes (≥140/90 mmHg)     1,118 (27.8%) 
 Self-reported health   
   ≥ Good     2,872 (72.5%) 




Table 9: Descriptive Statistics of Food Outlet Types that sell Fruit and vegetable in the 




Figure 5: Histograms of the Food Outlet Types present in the Participants’ 0.25-mile and 0.5-mile 
Residential Radius Buffers 
Food Outlet Types present in 0.25-mile Radius Food Outlet Types present in 0.5-mile Radius 
 
Fruit and Vegetable Market  
Mean (SD) = 0.95 (0.723), Median = 1 
Fruit and Vegetable Market 




Food Outlet Types present in 0.25-mile Radius Food Outlet Types present in 0.5-mile Radius 
 
Meat Market 
Mean (SD) = 0.38 (0.557), Median = 0 
Meat Market 
Mean (SD) = 0.83 (0.715), Median = 1 
 
Medium/Large Size Supermarket/Grocery 
Mean (SD) = 4.23 (2.142), Median = 4 
Medium/Large Size Supermarket/Grocery 
Mean (SD) = 9.34 (2.989), Median = 10 
Small Size Supermarket/Grocery 
Mean (SD) = 12.91 (5.774), Median = 14 
Small Size Supermarket/Grocery 






Research Question 1.2:  What is the relationship between perceived neighborhood food 
environment and actual neighborhood food environment in the participants’ respective 0.25-mile and 0.5-
mile residential radius buffers? 
 To answer this research question, bivariate and multivariate analyses for the three perceived 
neighborhood food environment variables accounting for the participant’s 0.25-mile and 0.5-mile radii are 
presented below.  
 Perceived Availability and Selection of Fresh Fruits and Vegetables in the Neighborhood 
 Single predictor and multivariate binary logistic regression analyses that examined food outlet 
types that predicted the perceived availability and selection of fresh fruit and vegetable in the 
neighborhood are presented in Table 10.  Only variables with p<0.20 in bivariate analyses were entered 
in our multivariate models.  Predictors that met the criterion for the 0.25-mile radius were Fruit and 
Vegetable Market and Meat Market.  These variables along with small size Supermarket/Grocery met the 
criterion for the 0.5-mile radius.  
 In the multivariate analyses, the presence of two or more Fruit and Vegetable Markets in the 
0.25-mile radius and the presence of one or more Fruit and Vegetable Markets in the 0.5-mile radius 
significantly increase the participant’s odds of perceiving that a large selection of fresh fruits and 
vegetables is available in their neighborhood.  The Hosmer-Lemeshow Tests indicated that the overall 
model fit is good (0.25-mile model: Chi-square 2.484, p=0.647; 0.5-mile model: Chi-square 13.287, 




Table 10: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regressions of Predictors of Participants’ Perceived Availability and Selection of Fresh Fruit and 
vegetable in the Neighborhood 
 
   
 Perceived High Quality of Fresh Fruits and Vegetables in the Neighborhood 
 Single predictor and multivariate binary logistic regression analysis that examined types of food 
outlets predicting the perceived high quality of fresh fruits and vegetables in the neighborhood are 
presented in Table 11.  Based on the bivariate analysis, three food outlet types (Fruit and Vegetable 
Market, Meat Market, and medium/large size Supermarket/Grocery) met the criterion for entry into the 
multivariate analysis for the 0.25-mile radius and two food outlet types (Fruit and Vegetable Market and 
Meat Market) met the criterion for entry into the multivariate analysis for the 0.5-mile radius.  In the 
multivariate analyses, the presence of two or more Fruit and Vegetable Markets in the 0.25-mile radius, 
the presence of one or more Fruit and Vegetable Markets in the 0.5-mile radius, and the presence of 




odds of perceiving that the fresh fruits and vegetables in their neighborhood are of high quality.  The 
presence of Meat Market in the participant’s 0.25-mile radius significantly lowers the odds.  The Hosmer-
Lemeshow Tests indicated that the overall model fit is good (0.25-mile model: Chi-square 11.709, 
p=0.165; 0.5-mile model: Chi-square 0.076, p=0.995). 
Table 11: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 




 Perceived Availability and Selection of Low-Fat Products in the Neighborhood 
 Single predictor and multivariate binary logistic regression analysis that examined food outlet 
types predicting the perceived availability and selection of low-fat products in the neighborhood are 
presented in Table 12.  Based on the bivariate analyses, three food outlet types (Fruit and Vegetable 
Market, Meat Market, and medium/large size Supermarket/Grocery) met the criterion for entry into the 
multivariate analysis for both the 0.25-mile or 0.5-mile radii.  In the multivariate analyses, the presence of 




Vegetable Markets in the 0.5-mile radius, and the presence of medium/large size Supermarket/Grocery in 
both radii significantly increase the participant’s odds of perceiving that a large selection of low-fat 
products is available in their neighborhood.  The presence of Meat Market in the 0.25-mile significantly 
lowers the odds.  The Hosmer-Lemeshow Tests indicated that the overall model fit is good (0.25-mile 
model: Chi-square 11.430, p=0.178; 0.5-mile model: Chi-square 13.061, p=0.110).    
Table 12: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regressions of Predictors of Participants’ Perceived Availability and Selection of Low-Fat 
Products in the Neighborhood 
  
 
 Health Behavior: Fruit and Vegetable Consumption 
 AIM 2.  The second aim is to understand the relationship between the actual and perceived 
neighborhood food environment, sociodemographic characteristics and the likelihood of participant’s 




Daily Fruit and Vegetable Consumption 
 Research Question 2.1:  Which factors are associated with increasing the participant’s likelihood 
of consuming five or more servings of fruits and vegetables per day?  
 Single predictor binary logistic regression analyses and multivariate binary logistic regression 
analyses that examined factors predicting the participants’ likelihood of consuming five or more servings 
of fruits and vegetables per day are presented in Table 13.  In the bivariate analyses, the participant’s 
perception that a large selection of fresh fruits and vegetables is available in their neighborhood, 
perception that the fresh fruits and vegetables in their neighborhood are of high quality, Fruit and 
Vegetable Market in their 0.25-mile or 0.5-mile radii, small and medium/large size Supermarket/Grocery in 
their 0.25-mile or 0.5-mile radii, education, nativity, and perceived weight met the criterion for inclusion in 
the multivariate models.    
 The two multivariate binary logistic regression analyses accounted for factors and food outlet 
types present in the participants’ respective 0.25-mile and 0.5-mile residential radii in predicting their 
likelihood of consuming five or more servings of fruits and vegetables per day.  Having more than a high 
school education and being foreign-born in other country significantly increase the odds.  In contrast, the 
participant’s perception that a large selection of fresh fruits and vegetables is available in their 
neighborhood and the presence of Fruit and Vegetable Markets in their 0.5-mile radius lowers the odds.  
The Hosmer-Lemeshow Tests indicated that the overall model fit is good (0.25-mile model: Chi-square 





Table 13: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regressions of Predictors of Participants’ Fruit and Vegetable Consumption 
 
 AIM 3.  The third aim is to describe the contribution of participants’ sociodemographic 




 Bivariate and multivariate analyses for the three health outcomes variables BMI, hypertension 
and self-reported health are presented and described below. 
Health Outcome: BMI 
 Research Question 3.1:  Which factors are associated with higher BMI? 
 To answer this research question, separate bivariate and multivariate logistic regression analyses 
were performed to examine the contribution of factors to BMI in the overweight and obese range.   
 BMI: Normal Weight and Overweight 
 Single predictor binary logistic regression analyses and multivariate binary logistic regression 
analyses that examined factors predicting the participants’ higher BMI in the overweight range are 
presented in Table 14.  Bivariate analyses indicated that all variables with the exception of employment 
and fruit and vegetable consumption met the criterion for entry into the multivariate models.  In the 
multivariate analyses, variables that significantly increase the odds of BMI in the overweight range were 
age, being foreign-born in other countries, self-reported diabetes, and perceived weight as overweight.  In 
contrast, female gender significantly lowers the odds.  The Hosmer-Lemeshow test indicated that the 




Table 14: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regressions of Predictors of Overweight 
  
 BMI: Normal Weight and Obese 
 Single predictor binary logistic regression analyses and multivariate binary logistic regression 
analyses that examined factors predicting the participants’ BMI in the obese range are presented in Table 
15.  Bivariate analyses indicated that the variables that met the criterion for entry into the multivariate 
model were the same as for overweight.  In the multivariate analyses, age, self-reported diabetes, and 
perceived weight as overweight significantly increase the odds of BMI in the obese range whereas having 
more than a high school education significantly lowers the odds.  The Hosmer-Lemeshow test indicated 





Table 15: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regression of Predictors of Obesity 
 
Health Outcome: Hypertension 
 Research Question 3.2:  Which factors are associated with hypertension? 
 Single predictor and multivariate binary logistic regression analyses that examined factors 
predicting the participants’ hypertension are presented in Table 16.  Based on the bivariate analyses, only 
fruit and vegetable consumption did not meet the criterion for entry into the multivariate analysis.  
Variables that significantly increase the odds of hypertension were age and self-reported diabetes.  In 
contrast, being female significantly lowers the odds.  The Hosmer-Lemeshow test indicated that the 




Table 16: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 
Regression of Predictors of Hypertension 
 
Health Outcome: Self-reported Health 
 Research Question 3.3:  Which factors are associated with self-report of good health? 
 Single predictor and multivariate binary logistic regression analyses that examined factors 
predicting the participants’ self-report of good health are presented in Table 17.  In the bivariate analyses, 
all variables except for being foreign-born in other countries met the criterion for entry into the multivariate 
analysis.  Having more than a high school education significantly increases the odds of self-report of good 
health whereas age, female gender, higher fruit and vegetable consumption, self-reported diabetes, and 
obesity significantly lower the odds.  The Hosmer-Lemeshow test indicated that the overall model fit does 




Table 17: Bivariate (Single Predictor) Binary Logistic Regressions and Multivariate Binary Logistic 






CHAPTER V: DISCUSSION 
 The three aims of this study were: (1) to characterize the actual and perceived neighborhood food 
environment in Northern Manhattan, (2) to understand the relationship between the actual and perceived 
neighborhood food environment, sociodemographic characteristics and the likelihood of consuming five or 
more servings of fruits and vegetables per day, and (3) to describe the contribution of participants’ 
sociodemographic characteristics and health behavior to their health outcomes.  This chapter 
summarizes the study results in light of current body of evidence, followed by a discussion of the study 
limitations and strengths, implications for public health and policy, and concludes with recommendations 
for future research.  
Neighborhood Food Environment 
The food outlet types that sell fruit and vegetable in Northern Manhattan include small and 
medium/large size Supermarket/Grocery store, Meat Market, and Fruit and Vegetable Market.  The 
majority of these food outlets (91.5%) are single location stores that have a smaller store space when 
compared to bigger food outlet that is a branch of another store.  The food outlets in our predominantly 
Hispanic low-income urban community in Northern Manhattan echoed findings from a national study that 
examined the association between food store availability and neighborhood characteristics that low-
income Hispanic neighborhoods in the US have greater number of non-chain supermarkets and grocery 
stores when compared to non-Hispanic neighborhoods (Powell, Slater, Mirtcheva, Bao, & Chaloupka, 
2007).   
 We identified food outlet types present in the participant’s 0.25-mile and 0.5-mile residential radii 
to create a person-level neighborhood food environment.  We found that the presence of two or more 
Fruit and Vegetable Markets in 0.25-mile and the presence of one or more Fruit and Vegetable Markets in 
0.5-mile increase the participants’ odds of perceiving the availability, selection, and high quality of fresh 
fruits and vegetables in their neighborhood.  In addition, the presence of medium/large size 
Supermarket/Grocery in 0.25-mile increases the odds of perceiving that the fresh fruits and vegetables in 
their neighborhood are of high quality whereas the presence of Meat Market in 0.25-mile lowers the odds.  
We also found that the presence of one or more Fruit and Vegetable Markets in 0.25-mile, the presence 




Supermarket/Grocery in both radii increase the odds of perceiving that a large selection of low-fat 
products is available in their neighborhood whereas the presence of Meat Market in 0.25-mile lowers the 
odds.   
 Although the Meat Markets assessed in our study sell fruits and vegetables, our study 
participants were consistently less likely to associate fresh fruits and vegetables and low-fat products with 
this particular food outlet type.  It is possible that the participants’ perception of their neighborhood food 
environment may have less to do with the physical distance of the food outlet from their home, but more 
to do with their preference on where they shop for healthy foods in their neighborhood.  Small size 
Supermarket/Grocery accounted for 71% of the actual neighborhood food environment assessed in our 
study.  However, their presence has no statistical significance in predicting the participants’ perception of 
the fresh fruits and vegetables and low-fat products in their neighborhood.  A possible explanation for this 
finding is that the medium/large size Supermarket/Grocery, which accounted for 21% of the actual 
neighborhood food environment assessed in this study, may offer higher quality and greater variety of 
healthier food products at lower prices for our study participants than those offered in small size 
Supermarket/Grocery.  This observation has been reported in a mixed method study of urban adults in 
Philadelphia who chose to shop at large chain supermarkets because of the greater variety of healthful 
foods and sometimes lower prices, including opting for more distant stores from home given the variety of 
healthful foods offered (Cannuscio et al., 2013).   
Health Behavior: Fruit and Vegetable Consumption 
Four in five of our study participants (>80%) agreed that a large selection of fresh fruits and 
vegetables is available and of high quality and that a large selection of low-fat products is available in 
their neighborhood.  However, only 9.4% of our participants met the federal minimum recommendation of 
two servings of fruits per day and only 5.9% of our participants met the federal minimum recommendation 
of three servings of vegetables per day.  Our findings that participants do not eat enough fruits and 
vegetables echoed the findings from a secondary data analysis using the 2013 state-based telephone 
Behavioral Risk Factor Surveillance Survey (BRFSS) that reported 13.1% met the federal fruit intake 
recommendation and 8.9% met the federal vegetable intake recommendation across all respondents, and 




recommendation for respondents from New York State (Moore & Thompson, 2015).  Of note is that 
although Moore and Thompson (2015) acknowledged that the relatively low BRFSS response rates might 
have biased their sample, our collective findings were similar in that our Hispanic urban participants from 
New York City and their BRFSS respondents from New York State both consume more fruits than 
vegetables.   
Our study findings related to the predictors of fruit and vegetable consumption were inconsistent 
with the literature.  The findings related to two demographic characteristics, education and foreign born, 
were similar to prior studies.  In particular, our findings of association that participant with more than a 
high school education and being foreign-born have higher odds of consuming five or more servings of 
fruits and vegetables are consistent with the literature.  A secondary data analysis of the Third National 
Health and Nutrition Examination Survey found that having higher educational attainment and foreign 
birth were both associated with higher fruits and vegetables consumption (Dubowitz et al., 2008).  
Similarly, a cross-sectional multilevel analyses of the 2002 and 2004 New York City Community Health 
Survey data found that higher levels of education was associated with higher fruit and vegetable 
consumption (Jack et al., 2013).   
Compared to US-born Hispanics, foreign-born Hispanics have increased odds of consuming five 
or more servings of fruits and vegetables per day.  The results from a study conducted among Hispanic 
immigrants from Mexico to Washington state found that low-acculturated Hispanics consumed more fruits 
and vegetables compared to high-acculturated Hispanics and that this association remained statistically 
significant after adjusting for age, sex, income, and education (Neuhouser, Thompson, Coronado, & 
Solomon, 2004).  Of note is that Hispanics who adopted the dominant characteristics of the mainstream 
society ate fewer servings of fruits and vegetables per day and this may indicate that as compared to the 
US-born Hispanics, the foreign-born Hispanics in our study had not adopted the dominant pattern of 
mainstream society (i.e., non-Hispanic) perhaps because of their living in a predominantly Hispanic 
community.  
 In contrast, our findings about the relationship between participants’ perception of the availability 
and selection of fresh fruits and vegetables in their neighborhood, actual access to fresh produce, and 




(Blitstein, Snider, & Evans, 2012; Zenk et al., 2009); higher perceived and actual availability decreased 
the odds of five or more servings of fruits and vegetables per day.  Several methodological explanations 
could be posited for this finding.  First, is it possible that the manner in which information about fruit and 
vegetable consumption was gathered led to inaccurate self-reporting of fruit and vegetable consumption?  
Participants were asked to recall their recent fruit and vegetable consumption in the last 30 days, using 
their choice of scale, i.e., last 30 days, per week, or per day, and then the values were converted to per 
day for purposes of the analysis.  While this could be the case, the fact that the findings related to 
education and foreign-born are consistent with the literature in terms of directions of the relationship 
suggests that the method of data collection does not completely explain the finding.  Second, we did not 
ask participants where they shop for food or gather data about how the costs of food influence their food 
shopping location and food choices.  These factors may influence fruit and vegetable consumption, but 
the lack of these factors in the analysis would not likely cause an inverse relationship – a null relationship 
is more likely.  A third consideration is that in one ZIP code in our analysis, the presence of cliffs means 
that the 0.25-mile and 0.5-mile residential radii may not actually represent availability.  However, the 
majority of participants in the study were from ZIP codes without physical obstructions such as cliffs.  
Consequently, given that the literature and our examination of our methods do not point to a clear 
explanation of the unexpected inverse association between perceived and actual availability and fruit and 
vegetable consumption, additional quantitative and qualitative research is needed.  
Health Outcome: BMI 
Seventy five percent of our study participants are overweight or obese based on their objectively 
measured BMI.  Of note is that 82% of our participants who are overweight and 88.5% of our participants 
who are obese correctly perceived themselves to be overweight.  This is consistent with the results of a 
secondary data analysis using the 2007 Health Information National Trends Survey data, a nationally 
representative biennial survey from the National Cancer Institute (Squiers et al., 2014).  In particular, 
Squiers and colleagues found that 84.23% of respondents who have a BMI in the overweight or obese 
range accurately perceived themselves to be overweight.  BMI also progressively increases with 
advancing age.  Being female lowers the odds of being overweight whereas participants who self-




 Participants with more than a high school education have consistently lower odds of obesity.  
Having higher education may have enhanced the participants’ ability to make healthier food choices, an 
association that was reported in a large population-representative Danish Twin Registry study that found 
adult participants with less education have greater variance in their BMI (Johnson, Kyvik, Skytthe, Deary, 
& Sørensen, 2011).  Similarly, a recent cross-sectional telephone survey of urban adults in Brazil found 
that higher levels of education was associated with higher fruit and vegetable consumption (Pessoa, 
Mendes, Gomes, Martins, & Velasquez-Melendez, 2015).  In addition, having knowledge of fruit and 
vegetable recommendations was associated with greater fruit and vegetable consumption among men of 
African descent surveyed in the New York City metropolitan area (Wolf et al., 2008).  Compared to US-
born Hispanics, participants who are foreign-born have higher odds of being overweight.  A possible 
explanation for this finding is that participants may be eating more and that larger portions of foods 
(including fruits and vegetables) are being consumed, an association reported in a review of evidence 
linking portion size, energy intake and weight gain (Rolls, 2014).   
Health Outcome: Hypertension 
Our Hispanic study participants are relatively healthy in that only 28% have hypertension, which 
is comparable to findings from another study that reported hypertension prevalence of 29.5% among 
Dominicans living in the Bronx (Sorlie et al., 2014).  Advancing age and participants who self-report 
having diabetes increases the odds of hypertension whereas being female lowers the odds.  Our findings 
of association are consistent with the literature.  A scientific statement summarizing current evidence on 
the burden of cardiovascular disease among Hispanics in the US documented age-adjusted prevalence 
of hypertension among Mexicans, higher prevalence of diabetes mellitus among people of Hispanic 
descent, and slightly lower prevalence of hypertension among female Hispanics (Rodriguez et al., 2014).  
Similarly, investigators in the Hispanic Community Health Study/Study of Latinos cohort study found that 
women had lower overall prevalence of hypertension when compared to men and that cardiovascular risk 
factors such as diabetes and hypertension were strongly associated (Daviglus et al., 2012; Daviglus, 
Pirzada, & Talavera, 2014).  Daviglus and Colleagues (2014) also found that higher prevalence of 
cardiovascular risk factors were associated with higher degrees of acculturation, which we were unable to 




Health Outcome: Self-reported Health 
Overall, 73% of our Hispanic study population self-reported having greater than good health.  
Older age and being female lower the odds of self-report of good health.  This finding is consistent with 
the results reported by another study that examined the influence of immigration and other associated 
factors on self-reported health (Salinero-Fort et al., 2012).  Participants with more than a high school 
education have higher odds of self-reporting good health.  Our findings were consistent with another 
study that found higher education level was significantly associated with improving self-assessments of 
health (Gorman & Sivaganesan, 2007).  Participants who consumed five or more servings of fruits and 
vegetables have lower odds of self-report of good health.  The potential influence of our method of 
collecting information about fruit and vegetable consumption on accuracy of report was discussed earlier.  
It is also possible that participants with a higher level of consumption may underreport and participants 
with a lower level of consumption may over report the frequency of their dietary intake (National Cancer 
Institute, n.d.).  In addition, our sample that consumed five or more servings of fruits and vegetables was 
small and this may not play out in a larger sample.   
Participants with self-reported diabetes and who have BMI in the obese range have lower odds of 
self-report of good health.  Similar findings have been noted in the literature regarding lower self-reported 
health and diabetes (Sparring et al., 2013) and obesity (Lopez-Garcia, Guallar-Castillón, Garcia-Esquinas, 
& Rodríguez-Artalejo, 2016).  Our findings is also consistent with results from a prospective community-
based longitudinal Montreal Diabetes Health and Well Being Study that found participants with lower self-
reported health have less than a secondary schooling and higher BMI in the obese range (Schmitz et al., 
2013).  
In our multivariate analyses, we had poor model fit for our BMI (overweight multivariate model), 
hypertension, and self-report of good health outcome variables.  A possible explanation is that studies 
with large sample size make it more likely to detect a significant difference, resulting in poor model fit.  
(Huber-Carol, Balakrishnan, Nikulin, & Mesbah, 2012)  
Study Limitations 
The study has several limitations. First, the cross-sectional data and observational study design 




a high school education.  It is possible that having fewer years of education may potentially affect their 
understanding or accurate recall of their fruit and vegetable consumption.  In particular, our survey 
questions that measure fruit and vegetable consumption during the past 30 days can be a limitation since 
participants could respond to their self-reported frequency either by day, by week, or by month, and doing 
so can contribute to under reporting of their fruit and vegetable consumption.  However, the participants’ 
responses on fruit and vegetable consumption were consistent with other national study that reported 
Americans do not eat enough fruits and vegetables (Moore & Thompson, 2015). 
 Second, there were several aspects of our methods that present potential limitations.  In regards 
to actual food availability, we defined the participants’ actual neighborhood food environment to only 
include food outlets that have a physical address.  In doing so, we excluded sidewalk produce vendors, 
Green Carts mobile vendors, and farmers markets that sell fruits and vegetables given their variable 
mobile locations and/or seasonal hours.  In terms of the participants’ 0.25 and 0.5 mile residential radii, 
we did not assess how the presence of some cliffs running along the north south direction on both the 
east west side of one of our study setting’s ZIP code may present as potential barrier to healthy eating in 
the neighborhood.  Moreover, we did not assess other aspects of availability such as how study 
participants travel outside of their home to buy food, where they shop for food, and how the price of food 
influence their food shopping and food choices.  Related to measurement of fruit and vegetable 
consumption, the recall period of 30 days for reporting the number of fruits and vegetables per month, 
week, or day may have led to inaccurate reports and consumption was somewhat lower, but displayed 
the same consumption pattern among New York State residents as reported in a study using BRFSS data 
(Moore & Thompson, 2015).  Moreover, the relationship between consumption and sociodemographic 
variables such as education and nativity was similar to other studies (Pessoa et al., 2015; Wolf et al., 
2008).  
Although we did include nativity as predictor variable in our analyses and were able to group our 
Hispanic participants into three distinct categories: (1) US-born, (2) Foreign-born: Dominicans and (3) 
Foreign-born: Other country of birth, we were unable to further disaggregate foreign-born Hispanic 
participants who are born outside of the US or the Dominican Republic because their numbers were too 




the US and we are therefore unable to examine the relationship between acculturation and health 
outcomes, which could have influenced the results.  Our study population is demographically 
representative of the predominantly Dominican Hispanic subgroup in Northern Manhattan.  However, our 
convenience and snowball sampling have resulted in the majority of our study participants being female 
Hispanics.  In addition, the generalizability of our study findings to other Hispanic communities beyond 
New York City is limited given that Mexicans are the predominant Hispanic subgroup in the United States.  
Study Strengths 
Despite the study limitations, the strengths of our study include the large sample size of Hispanic 
participants surveyed by English-Spanish bilingual community health workers through face-to-face 
interview in Northern Manhattan.  In addition, the comprehensive WICER community-based survey 
includes many participants’ self-reported variables developed from standardized patient assessment 
instruments.  The objective anthropometric measurement of height, weight and BP readings provided 
valid and consistent measures of BMI and BP readings. 
Another strength of our study is the use of objective (actual) and self-reported (perceived) 
measures of the participants’ neighborhood food environment, which provide different dimensions of the 
neighborhood food environment.  The use of the NAICS codes allowed us to distinguish 
Supermarket/Grocery stores from Convenient Stores to provide a greater level of specificity.  The 
Investigator also conducted onsite ground-truth field assessments to further validate the commercial 
business listing of food outlets in Northern Manhattan as well as conducted online virtual assessments 
using Google Maps with Street View to complement the onsite ground-truth field assessments.   
Our use of a spatial modeling approach to integrate geographic-level neighborhood food 
environment data with our comprehensive WICER survey data enabled us to identify food outlets within a 
participant’s 0.25-mile and 0.5-mile residential radii.  By creating individual 0.25-mile and 0.5-mile person-
level neighborhood food environments, we were able to model where study participants have the 
opportunity to buy fruits and vegetables within walking distance from where they live.  In addition, by 
measuring our low-income urban Hispanic participants’ self-report of their neighborhood food 




measures of their neighborhood food environment and how it relate to their self-reported fruit and 
vegetable consumption. 
Implications and Recommendations for Future Research 
The use of the County Health Rankings population health model as the overarching framework 
for our study allowed us to examine components that work together to create healthy communities and 
provided a common ground to engage clinicians, public health professionals, policy makers, and 
community leaders in understanding issues of importance to help the community achieve better health.  
Our finding that four in five of our participants correctly perceive themselves to be overweight highlights 
the potential of tailoring population-based behavioral intervention programs to encourage and help this 
underserved Hispanic urban community achieve healthier weight.   
We also applied geographic information system as a public health informatics approach to 
enhance our understanding of the relationship between health and place in an underserved urban 
Hispanic community.  In particular, we use geographic technique to spatially model and integrate 
geographic-level neighborhood food environment data with our comprehensive WICER survey data to 
identify food outlets within a participant’s 0.25-mile (about a 5-minute walking distance) and 0.5-mile 
(about a 10-minute walking distance) residential radii where they can potentially buy fruits and vegetables 
in the neighborhood.  Our finding about the inverse relationship between actual and perceived food 
environment and fruit and vegetable consumption suggests that this relationship is complex and requires 
further study through a variety of qualitative and quantitative methods.  
We presented descriptive and inferential statistics related to participants consuming ≥2 servings 
of fruits per day, ≥3 servings of vegetables per day, and the combined ≥5 servings of fruits and 
vegetables per day as proxy for the 2010 Dietary Guidelines for Americans.  The Guidelines is jointly 
published every five years by the U.S. Department of Agriculture and the U.S. Department of Health and 
Human Services with the overall goal of promoting health and preventing chronic diseases by serving as 
the Nation’s go-to evidence-based resources for nutrition advice (USDA, n.d.).  The newer 2015-2020 
Dietary Guidelines for Americans calls for increasing the respective contribution of fruits and vegetables 




individualized fruit (USDA, 2015a) and vegetable (USDA, 2015b) consumption recommendation based on 
daily calorie needs that take into account one’s age, sex, and physical activity level.   
Given the important role healthy eating can play in health promotion and chronic disease 
prevention, and that the local food environment can change over time to reflect the neighborhood 
composition and the needs of its residents, additional quantitative and qualitative research is needed to 
further examine relevant individual- and household-level factors regarding fruit and vegetable 
consumption for this low-income Hispanic urban community.  The quantitative research component 
should consider income, cost of food choice, acculturation, and social relations into account.  The 
qualitative research component should include methods such as focus groups to assess knowledge of 
recommended fruit and vegetable servings, attitudes and beliefs towards increasing consumption, food 
shopping and food choices, as well as barriers and facilitators towards healthy eating.         
Conclusion 
 In summary, this large-scale cross-sectional observational study contributed to our understanding 
of the relationships among neighborhood food environment, health behaviors and health outcomes in a 
predominantly Hispanic underserved urban community in New York City.  Our particular findings 
regarding participants’ perceived neighborhood food environment and actual healthy food access being 
associated with lower fruit and vegetable consumption merits additional research to examine the complex 
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